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Preface

This report was. prepared for the Maiﬁe Department of Marine Resources
by students and faculfy of the Départment of Economics of the University
of,Maine, Orono. It is an input—output tablg of the economy of the state
of Maine tailored especially for the analysis of fishery related
economic problems. A secondary purpose of the study was the educational
and practical experience gained by the students who worked on the
project. |

The overall study Was under the direction of Dr. James Wilson. Dr..
Thomas Duchesneay diréctly supervised the ihput—outputistudy. During
the summer of 1979, Hugh Briggs and Kimberly Rollins (seniors) and
Douglas Williams and Blair Buriingame (graduate students in Agricultural
Resource Economics) conducted the field surveys and secondary source
searches necessary to accumulate.the>data for the inéut—outpqt table.
Each.studentvprepared a repbrt'on two~o; more sectors of the fishing
industrxy which appear as appendices to the input-output  study.

Most df the writing of thg report and the analysis of the input-‘
output model took place during the Fall of 1979. Hugh Briggs, working
with funds provided by the UMO Sea Granf program, was completély
responsible for the computer érogrammin'g ‘of the input—ouf‘:pvuttable.»

Ralph Townsend of the UMO Department of Economics deserves credit for

_modifications made to the model which increased its accuracy. Carolyn

‘Ford, Gayle Magill, Mary Jaques, and Xatja Lomakin patiently typed and
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re-typed various drafts of the final report.

The project is also indebted to the generous support and time given

by Dana Wallace, Bob Lewis, Walter Welch, and Jim Thoﬁas of the
Department of Marine Resources. Charles Colgan and Gary Higgenbottom
of the State Planning Office offered many valuable suggestions about
data sources and methodology which were very helpful. Lastly, thanks
are due to the many people in the state's fishing industry who
voluntarily supplied data and their valuable time during the summer of
1979. In almost all instanceés their efforts also led to an extremely
valuable educational experience for the studenté which would have been

impossible to provide in the classroom.



391

Summary

The Economic Impact of Fisheries in

the State of Maine - An Input-Output Analysis

Method and Results:

The purpose of this study w$s to develop an estimate of the economic
impact of the fishing industry on the state of Maine. An estimate of
this sort is not accomplished simply by a straightforward meaéurement of
the 1andéd valge of fisheriés activity. |

Economic activity is a complicated web of iqterdependent behavior,

A change in any part of‘the economy wiil lead to changes elsewhere.
Consequently; the measurement of the gffect of any particular economic

activity such as fishing requires a tracing out of the changes that

occur elsewhere in the eccnomy as a result of fishing activity. In

other_wprds, to get a tolerably accurate idea of the effect of the
fishing industry, it is necessary to know hbw fishing and the rest of
the economy are related tc one another.

The technique economists most often use to obtain these measurements
is called input-output analysis. Inpﬁt—output is basical;y a massive
accduntihgasystem,which reco;dssthevsales-and purchaSES‘bf‘each,induétry
to and frgm every §thér industry (and to final consumption). With the
help of some fairly sophisticated mathematics and computer calculations,

this accounting system can -be used to trace the connections between all
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industries in the economy. This tracing, in effect, accounts for:
(1) the direct effect of purchases by the fishing industry
from all other industries in the economy,
(2) the direct effect of purchases by these industries from
. still other industries necessary to produce the goads
and services supplied to the fishing industry, and by
these other industries from still others, and so on, and
(3)  the indﬁced-effects which arise when personal income
generated in the fishing industry and in all industries
supplying the fiéhing industry is spent. -
These effects can be traced in terxms of either‘the income or the total
expenditu;es-they generate. .- Income is»measured‘as Value'added in the
input—oﬁtput system. Thus, for example, a $1.00 transaction does not
pro?idé $1.00 of income for the seller.  The selling price\reflectg the
costs of»ali inputs purchased by the seller from other industries plus
ﬁhe-income earned by capital and labor employed by thé sel1er.. The latter

portion of the, $1.00 transaction is the direct value added, or income,

-that 1s generated in this industry. Expenditures, on.the other hand,

measure the total volume of traﬁsactions stimulated by the original

sale of $1.00 worth of goods.’ For,many_applications} incoﬁe effeéts are
more pertinent than expenditure effects; The'oppdsite would bé trué,.for
instance, if our interést were in determining possible "bo;tlenecks“ of

one industry caused by a lack of productive capacity in its supplying‘
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industries. Tables E-1 and E-2 list the income and expenditure effects
on Maine's economy of fish harvesting and processing in the state. The
numbers in Table E-1 have the following meaning: For example, in the
herring fishery the combined direct‘and indirect effect of purchases
necessary to increase herring landings by $1.00 leads to an increase in
income in the Maine economy equivalent to $0.79 ($0.51 in the herring
harvesting sector and $0.28 by all others). The $0.79 in income
generated by $1.00 in herring landings is also responsible, as it is in
turn spent on consumption items, for an additional $0.79 of income-—the
induced income effect.  Consequently, the total effect or impact on the
economy ofua dollar of herring landings is $1.58 of additional income.
The numbers which indicate the amount of this additional income for each
industry are called multipliers. In the herring fishery the direct and
indirect income multiplier is 0.79, the induced income multiplier is
0.79 and the total multiplier is 1.58.

Taﬁle E-2 is interpreted in a similar manner. For example, again
in the heérring fishery, the effects of purchase necessary to increase
herring landings by $1.00 is to stimulate direct and indirect expenditures
of.$l.64. The income generated from the $1.64 of expenditures is in
turn spent to generate another $1.50 of expenditures.  Thus from the
original $1.00 in increased landings, a total of $3.14 in increased

expenditures results.
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Table E-1

Maine State Income Multipliers

For Nine Fishing Industries

Industry Direct Indirect Income Induced Total

~ Harvesting
Clam .57 .23 .80 1.60
Worm .30 .49 7 .79 1.58
 Herringh* .51 .28 .79 1.58
Lobster* .34 41 .75 1.50
_Groundfish .29 .45 74 1.48

- Processing
Clam/worm .28 © .57 .85 " 1.69
Groundfish .14 .57 .72 1.43
Herring** .38 .29 .67 1.34
Lobster* .16 4 61 L2l

* Includes crabs and scallops
Tk Inclqdes Menhaden .
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Table E-2

Maine State Expenditure Multipliers

For Nine Fishing Industries

Industry ’ Direct Indirect Income Induced Total
Harvesting
Groundfish 1,00 .98 1.41 3.39
Worm 1.00 .81 1.51 3.32
Lobster* 1.00 .86 1.42 3.28
Herring** 1.00 .64 1.50 3.14
Clam : 1.00 .43 1.53 2.96
Processing
Groundfish 1.00 1.48 v 1.35 3.83
Clam/worm 1.00 1.08 1.61 3.69
Lobster* | 1.00 1.01 | 1.14 3.16
Herring®™* 1.00 .66 1.27 2.93

# Includes crabs and scallops
** Includes Menhaden
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Economic Significance

The magnitudes of the income multipliers for thirty-seven industries
representing all products produced in the state are presented.in Table
E-3 (more complete industry definitions appear in Table E-5).

- The difference in the magnitudés of the multipliers of wvarious
industries is expiained by the extent to which their inputs are produced
within the State. By and large the impact of the fisheries on the
state's economy tends to be much stronger per dollar of output than most
other'industriés. This reflects the fact that the inputs purchased by
the fisheries are, to a greater extent than for the most other industries,
produced in Maine.

From the point of view of state deveiopment policy, ﬁhese results

suggest that expansion of fish harvesting and processing activity will

tend to advance economic opportunities more than other types of

industrial expansion. Beyond just creating jobs and incomes for people

directly participating in the processing or harvesting of fish, the

expansion of fish harvesting and processing enhances the economic
environment for industries which support processing and harvesting.

Thus more jobs become available in industries which already exist in

‘Maine. Of:course, biological constraints and/or the current level of

economic- exploitation of a fishery may act to block further expansion
for some species. For example, the lobster fishery has already been

extensively developed in Maine with a large number of participants.



Industry

Number

23
28
37
32
33
30
3
31
29
34
5
35
25
27
26
13
36
1
‘19
6
14
21

18
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Table E-3

Maine State Income Multipliers

For Thirty-seven Industries

Industry Title

Communications, broadcasting

Federal govt. enterprises

Clam/worm processing
Clam harvesting
Worm harvesting

Herring harvesting

Ag. & forestry, local govt. services

Lobster/crab/scallop harvesting
Groundfish harvesting
Groundfish processing
Maintenance and construction
Herring processing

Wholesale and retail trade
Miscellaneous retail

Finance and insurance

Leather

Lobster/crab/scallop processing
Livestock

Motor veﬁicles

Ordnance and accessories

Glass, stone, and clay products

‘Miscellaneous manufacturing

Electrical manufactures

Direct

Income

.81
.73
.28
.57
.30
.51
.54
.34
.29
.14
.43
.38
.74
.61
.68
.43
.16
.46
.47
<44
.43
.37

43

Total

Income

~1.80
1.72
1.69
1.60
1.58
1.58
1.56
1.50
1.48
1.43
1.35

1.34

1.29
1.26

1.23
1.20

1.20

1.16

1.15
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Industry

Number

12

22

24
16

17

10

20

15

11
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Table E-3 (cont.)

Industry Title

Rubber & miscellaneous plastic prdcté.

Transportation and warehousing
Food and kindred products

Apparel

Wood and paper products

Utilities

Metal products

Engines and machinery

Fabrics and miscellaneous textiles
Chemical products

Professional and photo. equipment
Metals manufacturing |
Mining

Petroleum refining

Direct Total
Income Income
.42 1.14
.45 1.07
.27 }.04
.28 1.01
.39 .98
W41 .94
.34 .93
.33 .89
.27 .87
.28 .82
.19 .55
.13 W41
.003 .28
.02 .25
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Consequently, opportunities for expansion are limited.

One very bright possibility that is already well known to the
industry and to state policy makers and further confirmed by this
study, is in groundfish (cod, héddock, pollock, etc.) harvesting and,
especially, processing. The groundfish fishery in Maine has historically
landed species (flounder, cusk and peollock) that are not presently
managed by the Regiocnal Management Council and therefore are not subject
to quotas. It would appear that an increase in harvesting effort for
these species is possible. Even in the absence of increased landings,
much of the groundfish (excluding ocean perch) presently landed in Maine
is shipped out of state to be processed. In addition, new processing
facilities in Maine might be‘expected to garner some of the landings of
fishermen from other New England states. Policies that can successfully

%Eig,;o—the—ieeatigg_g{_&sz‘fish processing plants will tend to have

very favorable effects on the state's economy-—much more so than other

E?;;:rof manufacturing-—since fish processing relies so heavily on
locally purchased and produced inputs. This general conclusion applies
across the board to all the state's fisheriéé except in those cases,
such as lobster, where expansion is unlikely due to the existing scale

of exploitation.

The Overall Effects of Fisheries
If fisheries activity were suddenly eliminated from the state's

economy as a result of, for example, a truly massive oil spill, the

) U9 N U N e S e e P O U S S oS Ny o
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economy would suffer not only the direct loss of income from the fishery
but also the indirect and induced income ‘generated by the fishery. For

each sector of the fishing ihdustry taken separately (i.e., if the

spill selectively wiped out only-that sector) the estimated income loss

would be eéuivalent to the gross value of the product of that sector

times the total income multiplier value shown in Table E-1l., For

'example, in the clam fishery the gross value of recorded landings in

1979 was - $7.5 million (from Table E-4). If only this part of the
fishing industry were wiped out, income in the state would decline by
$12 million. Table E~4 shows similar dollar values for 1978 for all
sectors of the fishing.indusfry taken individually. If one wanted_tp

estimate the impact of all sectors of the fishing industry taken

- together it would not be correct to simply add the individual total

impact figures (right hand column of_Table E-1) to obtain the state-~wide
effect. This would lead'to inadvertent double counting. Specifically,
the multipliers for the processing sectors already measure as an

indirect effect the income to fisherimen from purchases of raw fish.
Consequentiy; a simple adding of individual sector. impacts would wihd-up
counting the value of some raw fish kthose that go to in-state processing)
twice. The appropriate figures which exclude this double counting effect
are shown in-parentheses under the”indiyidual sector total and are summea
at the bottom of Table E-4. This summed figure—$251 million—can be

taken as a reasonable estimate of the total effect of fisheries on the
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Table E-4

Estimated Multiplied Income and
Gross Value of Output, 1979
For Nine Fighing Industries

Industry Gross Output Multiplied Impact*

Harvesting Sector

Groun&fish 19,821,000 29,335,080
Herring## 5,344,000 8,443,520
Lobster¥** 43,993,000 65,989,500
Clams 7,508,000 12,012,800
Worms 2,543,000 ‘ 4,017,940
Total 79,209,000 11927982840_

Processing Sector**#*#

Groundfish 11,149,000 15,943,070

' (6,020,460)

Herring 72,740,000 97,471,600
(89,470,200)

Lobster 41,670,000 50,420,700
(22,918, 500)

Clam/worm . 17,561,000 29,678,090

- (13,521,970)

Grand Total 222,329,000 251,729,870

*Direct, indirect, and induced income effects are included.

*%. Includes menhaden.

*#%% Includes crabs and escallops.

**%%% A1l processing figures are preliminary estimates based on
1979 reported landings and the proportion of landings to processed
value in previous years.
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State's economy in the year 1979.

Table E-4 also points out an often unap?reciated fact about the
state's fishery-—namely, the importance of herring. 1In terms of landed
vglue herring is a fairly small fishery, with only about $5 million of
landed value in 1979, However, wheh the proéessing activity which
arises from this catch is taken into account the entire herring

harvesting/processing sector is seen to be the most important fishery

in the state's economy, accounting for approximately $78 million of

gross output and approximately $98 million of income. The lobster

fishery on the other hand accounts for“ﬁ@ﬁ in gross output and $88

L —

million in inéome. The much higher landed value of lobsters does not
produce as much total income as herring because lobsterbprocessing does
not have a particularly high proportion. of direct value added.
Furthermore; by far the largest expenditure of 1obs£er processing per
dollar of output is the .purchase of lobsters. Therefore most of the
effects of lobster processing are felt through the lobster harvesting
industry. (Of course these figures,do notvtake into account the
intangible benefit to the state which arises from the reputation of

the Maine lobster).

Economic Effect of Groundfish Processing
-One of the issues facing the state at the moment is the question’
of increasing the proportion of Maine harvested fish processed within

the s tate. Input-output analysis is not particularly useful for the
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purpose of deciding how to bring about this event. However, it does
provide a reasonable estimate of the income and expenditure impacts of
a successful processing policy. Table E-4 showé the dollar impact of
each of the nine fishing industries on the state's economy in 1978. 1In
the row showing the effecﬁs of groundfish processing the bracketed
figure represents the effect of groundfish processing when it is purged
of the indirect effects generated in groundfish harvesting. If this
effect is expressed per dollar of greoss value—a figure equal to .54—one
obtains an estimate of the effect of increasing the state's fish
processing capacity. In other words, for each dollar of gross value of
processing of Maine fish which is brought about by such a policy, the
economy of the State will show an estimated .54 increase in income.

" If the presence of greater processing capacity within the State has
the effect of bringing about greater groundfish landings, as might be
expected, the impact of these additional landings will benefit the
State still more. In this case, the value of each additional dollar.
of landed groundfish gqinq into Maine based processing is estimated to

give rise to $1.43 in (total) additional income.

A Word of Caution

The numbers presented in this study should never be used with the
thought that they.are absolutély precise measures of economic activity.
Input-output analysis, in spite of its comp;exity and use of detailed

data, has several drawbacks which, under the best of conditions, cause

-y o

.ol 05 S e W =

- A A8



-t en s = e

- oa

«— i r i 4
- i i 5 |

L o

q-

\

-l

404

the resulting estimates to be only approximate. These drawbacks arise

from the need to make cost-effective compromises in the collection and

updating of data and from the need to employ an analytical model which
is not a perfect representation of the economy. Perhaps one of the
best things that can be said for input-output anaiysis is that it gives
reasonable, ballpark estimates at a fairly low cost. In this case in

particular, better estimates would have involved very rapidly

" escalating costs but only modest improvements in precision. In short,

these numbers should be treated with caution. Their relative magnitudes

can be used with some degree of assurance; their precise values cannot.

Further Use of the Input-Output quel

This study-does not exhaustively ekploré all the possible
analytiéal conclusions which‘might be drawn from this input-output table.
For the person or agency interested in particular questions not addressed
here we have included in the appendices of the report: (1) the results
of the data collection (with speéific caveats where we are aware of
'soft spoté'), and (2) the central calculations necessary to the large
majority of further uses. In addition,_there will‘be:available in
machine readéble format through DMR or the UMO‘Department of Economics
the data and the associatea computer programs. These data and programs

are ‘available for the cost of duplication.
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An Input-Output Table
Designed to Assess the Impact
of the Fishery on the Maine Economy

The following section describes the special characteristics of the
input-output table contained in this report, the basic methodology
employed in its construction, and the proper use of the table., It
should be recalled that the main purpose of this projeét was to provide
a modified input-output table that would allow DMR to generate empirical

estimates of the economic impact of changes in the level of fishing and

processing activity on the Maine economy.

épecial Characteristics of this Table:

This input¥output table has two special characteristics. One, the
high level of detail given to the fisheries sector of the state'§>
economy. Two, the method used to construct the table.

(1) Frisheries detail: The construction of any input-output table

requires the combination or aggregation of many roughly similar -economic

activities into industry or sector groupings. The number of groups can
vary substantially. For example, the U.S. Department of Transportation
(USDOT) 1963 input-oﬁtput table for the state of Maine, used as a base
for this study, groups econémic activity into 79 different industries or
sectors. While some combination of industries is-nécessary, to the-
extent that dissimilar activities are assigned to the same sectdr the
analytical value of an input-output table is reduced and may p;oduce

misleading results.
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The USDOT table for Maine is not useful for analyzing fishing
;ctivitiesgbecause highly dissimilar activities a?e treated as similar.
For example, fisheries harvesting activities are combined with forestry
harvesting and fisheries processing activities are combined with other
food processing. Additionally, there is the problém that, within the
broadly defined fishing industry (on both thg harvesting and processing
side), there are very large dissimilarities in the nature of input-ocutput
relationships across various species (e.é., clam harvesting versus
trawling). - The USDOT table does not recognize these critical differences.,
As a result, it is impossible to separate fishery from forestry harvesting
activities, to isolate fishe;y processing from food processing activities,
.and to identify any activities for a given fishery.

These problems causé the USD@T table to be unsuitable‘to the task
of estimating £he econcmic impact of changes in the level or character
of fisheries activities. 1In order to partially overcome these particular
problems, the input-output table. constructed during £his project is
designed to capture the ﬁnique input-output relationsﬁips within the

fishery by using nine separate fisheries sectors. They are:

sector no. description
31 , _ lobster/crab/scallop'harves£ing a;ti&ities
36 ' .lobster/crab/scallop processing -and distfibution
30 herring/ménﬁaden . harvesting

35 Co : herring/menhaden processing
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sector no. (cont) description (cont)
29 groundfish harvesting
34 o groundfish processing
32 clam harvesting
33 worm harvesting
37 clam/worm processing

"The added detail represents a clear improvement. However, the
reader familiar with fisheries activities will quickly recognize thatx
even this relatively more detailed categorization of economic activities

in the state's fisheries combines some very dissimilar kinds of

- processes. For example, in the groundfish harvesting sector, the

activities of small gillnetters are treated as being similar to those
of large redfish trawlers. This procblem cannot be totally eliminated
because fisheries activities are extremely heterogenous. The detail

necessary to resolve these problems of aggregation would be prohibitively

expensive and might not even be possible given the need for confidentiality

about the operations of individual firms. ' In short, we were forced to
make a trade-off between accuracy and expense (and confidentiality) in
constructing the table. The use of nine fishery sectors represents our
judgment with regard to a reasonable level of. accuracy at a reasonable
cost. We are certain that it represents an improvement over the USDOT

table. Further, users wishing to gain greater detail (less aggregation)

‘or to identify distortions arising from our level of aggregation can
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utilize the deécription of our methodology in the appendices.

(2) Method of constructing the ﬁableé Input-output tables are
usually constructeq on the basis of -census-like survefs. For example,
the USDOT table for the state of Maine is constructed, among other
sources, from data obtained as part of the U.S. Census of Manufacturing
and the U.S. Census of Transportation. Needless to say, construction
of input-output tables through a census approach is very expensive and
time-~consuming; usually five to seven years elapses before an input- .

output table can be developed from the given national census. For

smaller efforts, such as required for this study, the time and cost can

be reduced considerably; nevertheless, the costs are still high. On

the basis of census-like approaches undertaken elsewhere, we estimated

. that the costs of developing an analogous input-output table useful for

fisheries policy. purposes in the state of Maine would require two to
three years and involve some $125,000 - $175,000.

From the very beginning of the project it .was very clear that the
value of an input-output ﬁable with highly detailed fishe:ies sectors
was insufficient to justify this kind of expenditure. Consequently, we
devised an alternative methocdology that: (1) utilized all sectors in
the 1963 USDOT table for Maine except those containing‘fishery
activities; K2)_obtained detailed fishery information from seé@ndary
data on vessel and précessing costs from recent studies done in Maine

and elsewhere in New England (these studies are cited in the attached .
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appendices); (3) conducted spot surveys to fill in gaps in the secondary
data and, in some cases, to validate that data; and (4) utilized the
personal knowledge of fishery activities held by project members, DMR
personnel and selected industry personnel.

This appioach has certain problems. The maﬁor problems are
inconsistency in data collection methods and limited observations.
Consequently, it is not possible to determine statistically the
probable error contained in our estimates. On the other hand, the
- extensive knowledge of the fishery contributed by DMR and industry
personnel provides strong assurance that the resulting figures are
reasonable estimates of the input-output structure of the nine fisheries
sectors. We cannot be sure that the results ocbtained in this way are
less (or possibly even more) accurate than the results which would have
been obtained throughia standard census approach. However, we are
certain that our approach, by providing greater detail for fishery

activities, is a substantial improvementoner the existing USDOT table.

Disaggregation of the USDOT table

As mentioned above, our methodology utilized data for all
nonfisheries sectoré of the Maine economy as contained in the USDOT
input-output table for the State of Maine and then disaggregated the
fishery sector into nine separate activities., Disaggregation involwved
removing all fishery activities from the USDOT sectors and creating

separate rows and columns for the nine fisheries sectors and forestry
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harvesting and other food processing. The method used to accomplish

this disaggregation was simple and straightforward:

(1)

(2)

(3)-

(4)

(5)

{(6)

Complete transactions data indicating the inputs and outputs
for each of the nine fishery activities were assembled.

The data were initially aggregated in a manner consistent with
the USDOT methodclogy: the fi&e fish harvesting activities
were combined to be compatible with the USDOT table's sector
titled Fishefies and Forestry Harvesting and the four fish

processing activities were combined to be compatible with the

‘USDOT table's sector titled Food Processing.

Independént data were obtained from U.S. Fishery Statistics
1963 to indicate.the gross value of output for the five fish
harvesting sectors and four fish processing sectors.

Data obtained in (3) were‘used to determine the part of the
total activity recorded in the original USDOT table under the
titles Forestry and Fish Harvesting and Food Processing
attributable to fishery activities.

The part attributable to fisheries activities.was subtracted

. from USDOT sectors, leaving only a forestry harvesting and

other (nonfish) food processing sectors. (i.e. a 79 sector

USDOT table purged of all fisheries activity).

'The‘fisheries activities data subtracted from the USDOT table

were disaggregated into the nine sectors noted above.
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(7) The nine fisheries sectors were then added as nine new rows

and columns to the modified (i.e., containing no fisheries
activities) USDOT input~output table giving a final table

consisting of 88 rows and columns, (9 fishery related and 79

nonfishery related) representing the entire Maine economy.
(8) Pinally the table was aggregated to 9 fishery and 28 other

sectors to conform with the level of aqgregaﬁion used’ in

annual state data collections.

Comments on the method of disaggregation

The method described above has the advantage of being simple,
straightforward, and inexpensive. The primary disadvéﬁtage is that i£ is
based upon the assumption that the original USDOT table's observations
about fishery activities are accurate. There is reason to believe that

reasonable accuracy was achieved in the case of forestry harvesting and

other (rionfish) food processing. However, certain peculiarities in the

table indicate that the fisheries activities represented within the USDOT
table are significantly less accurate and may have been approximations

at best. The result of .the procedure described above is that any error

which may have been present in the original fisherijies data is transferred

to -the forestry and other food processing sectors in the modified table.
Consequently the modified table should not be used for the purpose of
estimating the economic impact of changes in the level of economic

activity on the forestry harvesting and other (nonfish) food processing

. | b ] i
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sectors. As far as use of the table for fisheries estimates is concerned,
the error introduced by our procedure is extremely small because of an
almost non-existent input-cutput interdependency between fisheries and

these two sectors, forestry harvesting and foocd (nonfish) processing.

Proper use of this input-output table

The input-output. table described in this report is designed to
Provide answers to two general types of issues aboﬁt the impact of
fishery activities on the Maine economy: (1) the direct and indirect
impact of "normal"” changes in economic activity in the fishery, e.g.,
changes in landings by fishery from yearvto yeaf, and (2) the impact of
fundamental changes in the structure of the industry, e.g., a change in
the tecnology of harvesting some species.

The first issue is easily handled without having to use any camputer
techniques. The multiplier values, given in Téble E~1, applied to,  say,
a new value of groupdfish landings, will provide an estimate of the diréct
and indirect economic impact of grouhdfish landings. on the_state's economy.,
As an illustration, the value of 1979 groundfish landings was recorded at
$19,821,000 and the appropriate'multiplier Qalue for groundfish landings
f;om Table E-1 is 1.48. The multipliér'value times landings yields an
estimated combined direct and indirect economic value to the state
(tﬁrouéh increased income) of $29,335,080.

The secondvissue, estimating the effect of fundamental changes in

industry structure or in  technology, reguires much more elaborate
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procedures. An input-output table is constructed on the'assumption that
structural aspects éf the economy remain constant (the fixed-proportions
assumption). Consequently, if a fundamental structural change occurs in
the economy, the original transaction data upon which the table is based
are no longer accurate or, put somewhat differently, the assumptions
implicit in the table are no longer valid. As a result, estimates of
the impact of a structural change reguire new data for those parts of
the economy where the change has occurred in order to recalculate the
technical coefficients. In addition to new data, it is necessary to

use computer technigues to resclve the input-output table. These
techniques are described in Appendix II of the report. This usually
results in changed multiplier values for all of the sectors represented

in the table.

The type of specific questions that can be addressed by the table

(a) What would be the direct impact in terms of income, if the
level of fish harvesting activity were to change by some
particular amount?

(b) How would the total change in income be distributed across

- individual industries and sectors of the Maine economy? In
other words, which parts .of the Maine economy are closely
linked?

(c¢) What would be the economic impact of a significant increase
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in the proportion of fish processed'in the state? How would
particular industries and sectors be affected?

(d) What would the economic impact bé of an increase in the
groundfish fleet and landings? How would the impact be
distributed? |

(e) What would the impact be from state and federal government
investment in pier development which led to increased landings
and processing activity?

In short, the téble can be used to estimate state-wide impacts of the
total level of fishing and processing activity, changes in the total
level, or changes in the leve; of activity in any one of the nine
separate fisheries sectors. And, most importantly, the input-output
table can be used to ideﬁtify the specific industries affected by those
changes.

In each case, the user of the table can provide answers to such
questions uhder different scenarios about the future, thus allowing one
to determine the sensiti?ity of the results to-changes in scenarios. The
multipliers the moéel produces are sensitive to two types of chanqeé:

(1) a change in the technology of production, (2} a change in interstate
trade flows of goods. To predict the effects of eithér of these two

types of change (the expected change must be derived by SOme means

" independent of the input-cutput table), first the changes must be

incorporated into the data of the model and then the input-ocutput must be
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resolved. (The method for solving the table is described in Appendix
II). On the other hand, if the changes stipulated involve changing

only the gross outputs of one or several industries, prediction is much
easier. For such changes, if one's interest is only in the gross
impacts on the state's economy as a whole rathef than the impact upon
each industry, and it is assumed that neither interstate trade flows nor
the technology of production change , then it is sufficient to merely
multiply expected changes in gross revenue for the sector(s) by the
multiplier value(s’ given éarlier. For example, the direct and indirect
economic value, in terms of income generated, to the State of a dollar
of landings in the worm sector is $l.58. If the expected value‘pf the
gross revenues of this sector were to rise by $120,000, the combined
direct énd'indirect value to the State's economy would be $189,600
(i.e., 1.58 x $120,000). As was noted in the summary, care must be
exercised to avoid double-~counting the effects of changes if the outputs
- 0of both a harvesting sector and its associated processing sector are

changed. The double counting does not occur to any great extent when

nonfishery sector outputs are changed due tc the high degree of aggregation.

In addition, the technical coefficients hatrix can be used to arrive
at rough estimates Qf the impact of changes in costs in any supplying
industry on fishery activities. For example, if one wanted to estimate
the impact of higher bait costs on the lobster harvesting sector, the

technical coefficients (i.e., expenditure for inputs per dollar of gross

i.l' i.l.
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output) representing lobster harvesting sector expenditures in the
groundfish and herfing industries would be used. These coefficients are
presented in the attached appendices. In this particular case, our
results indicate that for every dollar of gross output,of lobster
harvesting approximately $0.10 is spent for bait. Given that the 1979

level of gross output of lobster harvesting was $40,115,000, this means

_that lobster fishermen spent a total of $4,011,500 for bait in 1979.

Limitations on the use of this Input-Output Table

As pointed out in the introduction, input-output techniques
represent a powerful andlytical tool. However, as with any analytical
tool, input-output containg certain limitations. By understanding the
suitabiiity of the analysis to particular applications, we increase the
usefulnesé of inbut—output analysis,

First, this is a table for the entire state. It would be incorrect
to use this table to answer questions invoiving regional, intrastate
impacts such as: What would be the impact on the economy of the City-of
Portland or the Isiand of Vinalhaven from the construction of a new fish
pier? This limitation arises because the transaction pattern. which serves

as the basis for this table is based upon state-wide activities. As a

-result, application of the table to a local area within the state would

falsely imply that all predicted changes in sales and purchases occur
in the local area economy. As a result, the impact on the local economy

would be grossly exaggerated. .
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Second, the multipliers cannot be applied in situations where a
change in economic activity occurs due to a significant alteration in
the technology of production in that sector. The reason is that the
pattern of purchases and sales recorded in the table is a direct
reflection of the technology used at the time the table was constructed
(the fixed proportions assumption). For example, with regard to clam
harvesting, the figures in the table reflect the current method of hand
digging for clams and it would be incorrect toc estimate the impact on
the state's economy of a switch to harvesting with sub-~tidal hydraulic
clam dredges. Such a change would represent an entirely new technology
(as far as the data in the table are concerned) and would give rise to
a very different pattern of expenditures for inputs thaﬁ exists with the
current harvesting method. To assess the new technology's impact, it
would be necessary to collect data reflecting the new pattern of input
expenditures and then recalculate the table in the same fashion as was
done during this project.

Three, multiplier values estimated from the input-ouﬁput analysis
may tend to overstate the impact on the Maine economy caused‘by expansion
in a specific fishery activity. Overestimation may occur because
calculation of the multiplier values.implicitly assumes that the required
inputs are obtained from Maine-located industries in the same ratio of
in-state/out-of-state purchases that existed at the time the USDOT table

was constructed. Decreases in the ratio (more out-of-state-purchases)
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since that time would cause a larger proportion of purchases, and thus
income, to flow out of Maine and lead to lower multiplier values.
Finally, it should be emphasized that the construction of fhis
input-output table, and any table, continucusly involves compromises
between the degree of detail and accuracy and the costs of developing
the tabie. The resulting table is, we believe, respectably accurate.
Nevertheless, any estimates generated through the use of this table
should always be used as nothing more than gooa "ballpark" estimates.
For almost all conceivable uses, this is all that can be expected of an

input-output analysis.
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Input-output Resultsﬂ
This section of the report presents the major results of the
input-output analysis. The results are discussed in the following
sequence: A) the "direct", or first order interindustry relationships
in the Maine economy; B) the level of direct value added in each
fishery activity; C) the value of the multipliers in each activity; and
D) the patterns of final or overall economic interdependency between

the fishery sectors and the rest of the Maine economy.

A. Input/Output Relationships

As described in the introduction, the construction of an input~-output
table is based upon the pattern of transactions that occur between the
individual industries that make up the economy. In this way, the I-O table
identifies the patterns of economic linkages or the extent of .economic
interdependency among industries.

The pattern of interdependency between the nine fishing sector
activities and other industries in thé Maine economy is indicated in
Table E-5, The first five pages of this table give abbreviated
definitions of. the industries that appear in the Maine input-output table,
and the numbers corresponaing to the industries in the U.S. input-cutput
table. The remaining eight pages of the table list the 37 x 37’industry

I-O table. Table E-5 presents the direct input requirements of each

' activity, i.e. the technical coefficients. The fishery sector is

disaggregated into five specific harvesting activities and four



- . . .y

420

processing activities.

The proper use of the table can be illustrated by referring to
column 29, (éage 12 of the table) which shows the linkages between
groundfish-harvesting and the other industries contained in the matrix.
As one-reads down the cblumn, the value .2021 is observed in the row
representing industry number 8, fabrics and textile goods. This
_figure indicates that one dollar's worth of output from groundfish
harvesting requires $0.2021 of input from fabrics and textile goods.

By and large this figure refers fo expenditures for néts and netting—
one of the many outputs of the fabrics and textiles industry (#8).

" The remaining figures in the column are interpreted in a similar
manner. The relationships described by the technical coefficients in
Table E-5 serve as the basis for estimating value added in each fiéhing

sector activity and for estimating the impact of growth in any

activity on the Maine economy as a.whole -and for specific industries.

These topics are discussed below.

B. Value-Added in Fishing Sector Activities

In Table E~6, direct value added for each of the five harvestinq

_activities and the four processing activities is presented. Value

added measures the difference between the value of an industry's output
and the value of the inputs used by the industry, i.e. the value added
to the raw materials by the industry's activity. Basiéally, value added

includes income earned by capital (i.e., owners) and income earned by -
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labor (employees). There is no deterministic or rigid relationship
between the total sales of an industry and value added in the industry.
A large industry in terms of sales does not necessarily imply high
value added for the industry.

With the input-output data obtained during this p;oject, it is
possible to estimate value added for each of the nine activities. The
results indicated that the highest two value added activities are clam
and herring harvesting. At the other end of the scale, the two lowest
value added activities involve lobster/crab and groundfish processing.
The results, while subject to some rounding error, indicate substantial
variation in levels of value added across the nine activities.
Identification of such variation, which requires a relativeiy higb
level of disaggregation in the I/0 Table, is important in that policy
makeré obtain a much more refined (and accurate) picture of the
importance of each activity in the economy. The use of a table that
combined all harvesting and/or processing activities into a single
fishing activity would mask important differencés between specific

activities.

C. Multiplier Analysis

With an input-output table it is possible to conduct an impact or
multiplier analysis that provides an estimate of the total impact, based
on the direct and indirect requirements, occurring due to a change in

demand for a particular industry's output. We have calculated both the

- m we e .
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expenditure and income multiplier values for each of the nine harvesting
and processing activities in the I/O Table. The calculation of
multipliers involves increasing the output from a specific activity by

$100,000, and then resolving the I/O Table to find the new production

levels (or income) stimulated by the initial $100,000 increase. The

multipiier is then determined as the ratio of total change in economic
activity to the $100,000 increase in fishing. Becausé each fishing
activity has a different pattern of interdependency (input-output
relationship) with other industries in the economy, multiplier values
are different for specific activities. Multiplier values will be
greater 'in those activities that make a greater proportion of their
purchases of inputs from Maine industries or conversely will be reduced
when the dependency on imports (inputs purchased from outside of Maihe)
increases.

Multiplier values, based upon direct and indirect requirements and
induced consumer expend;tuxes for each fishing activity are presented in
Tables E=1 and E-2. The highest expenditure multiplier, 3.83, occurs
in groundfish prbcessing. Thus each dollar increase in output from
groundfish processing requires $3.83 of direct and indirect purchases of
inéuts.» Relatively high multiplier values. occur in groundfish harvesting
and clam/worm proéessing. Low values occur in clam harvesting and
herriné processing. The low expenditure multiplier for clam harvesting

is explained by its relatively high'proportion of direct value added
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(.57, from Table E-1). The low expenditure multiplier for herring is
explained by relatively low proportion of purcﬁases of inputs within the
State (.66, from Table E-2, indirect expenditures).

Thé use of multiplier values derived from an input-~output table
requires a certain amount of caution. The predicted impacts are based
upon the‘technological relationships existing between inputs and outputs
at the time the table was constructed. Such relationships, while
relatively stable in the short run, can change considerably over longer
periods. Thése changes lead to a differént patterﬁ of linkage
(interdependency) between industries which often lead to changes in
multiplier values. In the case of fishing sector activities, an
additional caution is to be taken. Assuming that the state of technology
has not changed significantly, the multiplier values are likely.to be more
accurate as predictors of long run impacts than of short run éffects of a
change in output. In the fishing sector, especially in harvesting,
availability of the fish resource causes the relationship between
purchased inputs and output to be rather variable from year to year. 1In
the short run, there may be harvesting capacity that is not being fully
utilized. An increase in output can take place without the need to
purchasing additional inputs when the availability of fish increases.
Consequently, cﬁanges in landings due solely to changes in the availability
of fish stocks may not, in the short run, lead té the expansion

predicted by our multiplier analysis. The multipliers presented here are
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" calculated as six year averages in order to minimize the effect of year

to year fluctuations in landings due to changes in fish availability.

Therefore, these figures are better indicators of long term, rather than
immediate, impacts. Finally, as pointed out previously, multiplier
values may be overstated if a greater proportion of inputs are purchased

out of state than is assumed in the original 1963 {USDOT) table.

D. The Patterns ofvEconomic Interdependency

Input-output analysis is capable not only of estimating the total
impact (multiplie:) of an increase in output but of identifying the
specific industries affected by sﬁch an increase. Thus the composition
(mix of industries) of the expansion in output is identified,énd
provides the type of micro-level detail required for policy purposes.

The impact of an increase in total output from each of the nine
fishing activities on Maine industries is indicated in Table E-7. The
estimates Are 6btained by étarting with the original solution to théz
I/0 Table, assuming a $100,000 increése in output for a given activity,
and résolving the table to obtain estimates of>new_output levels for
each industry. Based on both direct and indirect requirements, Ehis
procedure provideS'én estimate of the increase in tﬁtal output in each
of the table'’s industries'induced by the initial $100,000 increése. The
exercise is conducted for e;ch of the specifié harvesting and processing
activities.

It should bé recalled that this analysis involves the assumption
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that the structural relationships bétween inputs-and output existing in
1963 and reflected in the original I/O Table are reasonable approximations
of the relationships existing in 1979-80. This assumption exists in any
1/0 Table.and clearly involves a certain amount of misrepresentation.

The extent of the problem cannot be estimated without the construction

of a new table.

Information presented in Table E-~7 indicates the changes in oqutput
for individual Maine industries caused by a $100,000 increase in output
from each of the nine harvesting and processing activities. Table E-7
identifies only those industries in which the increase in total output
is at least $4,000. In the case of groundfish harvesting, the $100,000
increase in output, underlined in Table E-7, leads to major increases in
output in the broad and narrow fabrics (ropes, etc.) and finance and
insurancé industries of $32,000 and $14,000, respectively. The $32,000
cutput from the broad and narrow fabrics industries represents primary
expenditures for nets, rope, etc. Other important output increases show
up in the case of transportaticn and warehousing, wholesale and retail
trade, livestock and agricultural pro&ucts, and motor vehicles, which
includes boat building and repair.

The pattern of increases in output engendered by a $100,000 increase
in production from herring harvesting is quite similar to the case of
groundfish harvesting.

The pattern of output stimulated by a $100,000 increase in total

W Y N N W Gk am W . W W

f‘-i.»



- am

" M AR S e s P e

426

output in lobster/crab/scallop harvesting is significantly different.

The pattern is much more extensive because more

Maine industries have significant linkages with lobster/crab/scallop
harvesting. Major linkages involve forestry products (trap materials),
broad and narrow fabrics (ropes, etc.), groundfish processing and
harvesting (bait), and wholesale and retail trade (various items
including gasoline and diesel fuel).

Linkages between clam and worm harvesting and other industries in
the Maine economy are gquite limited. The 1imited interdependency

reflects the labor-intensive nature of these activities. In the case

of clam harvesting, the largest expenditure involves the motor vehicles

and equipment industry (trucks). For worm harvesting, the largest

linkage occurs with wholesale and retail trade (various items including

gasoline).

Turning to processing sector activities, we find that, with one
exception, the major input comes from the corresponding harvesting
sector activity. For exémple, a.SlOQ,OOO in output f;om groundfish
érocessing requires 561,000 of input from the groundfish harvesting
industry. Other industries supplying large values of inputs include
broad and ﬁarrow’fab:ics; forestry products, transportafion and
warehousing, and wholesale and retail trade.

The linkages between herring processing and other industries reveal

an interesting and impgrtant item. While one might expect that the
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herring harvesting industry would provide a major impact, the results
indicate that this is not the case. In fact, the value of the herring
provided by the harvesting industry and required to produce $100,000
of ocutput from the herring processing industry is only $9,000 (including
imports of Canadian caught juvenile herring). This reflects the fact
that, while large physical amounts of herring would be required,
unprocessed herring is an extremely low value product. Major inputs
into herring processing are provided by the forestry products,
transportation and warchousing, utilities, chemicals, and food and food
products (o0ils and sauces) industries.

The final processing activity, clam/worm processing obtains its
major input from its haivesting counterpart. Other industries providing
important inputs include forestry products and wholesale and retail

" trade.
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Maine and U.S. Industry'Definitions

Industry definition

‘Livestock
Livestock and livestock products

Wood and paper products

Forestry products

Lumber and wood products

Wooden containers

Household furniture

Other furniture and fixtures
Paper and.allied products ‘
Paperboard containers and boxes
Printing and publishing

Agriculture and forestry, local government
services

Agriculture, forestry services
.State and local government enterprises

Mining

Iron and ferroalloy mining

" Non-ferrous mining
Coal mining
Crude petroleum and natural gas
Stone and clay .
Chemicals and fertilizers mining

Maintenance and construction

New .construction:
Maintenance and construction

Ordinance and accessories

Ordinance and accessories
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B

10

11

12

13

14

14
15

16
17

18
19

27
28
29
30

31

32

33
34

35
36

I0

U.S.
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Table E-5 {continued)

Industry definition

Food and kindred products

Food and kindred products
Tobacco manufactures

Fabrics and miscellaneous textiles

Broad and narrow fabrics
Miscellaneous textile goods and floor
covers .

Apparel

Apparel
Miscellaneous textile products

Chemical products

Chemical products

Plastics and synthetic materials

Drugs, cleaning and toilet preparations
Paints and allied products

Petroleum refining

Petroleum refining and related

Rubber and miscellaneous plastic products

Rubber and miscellaneous plastic products

Leather

Leather tanning and industrial leather
Footwear and other leather products

Glass, stone and clays

Glass and glass products
Stone and clay products
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.16

17

'18

19

U.s. IO

37
38

39
40

41
42

43
44
45
46
47
48
49
50
51
52

53
54
55
56

57

58

59
60
61
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,Table E-5 (continued)

Industry definition

Metals manufacturing

Primary iron and steel - manufacturing
Primary non-ferrous metal manufacturing

Metal products

Metal containers .
Heating, plumbing and fabricated metal

" products

Screw machineAproducts, bolts, etc.

" Other fabricated metal products

-Engines and machinery

Engines and turbines
Farm machinery

- Construction, mining machinery

Materials- -handling machinery

Metal working machinery and equipment
Special industry machinery and equipment
General industrial machinery

Machine shop products )

Office and computing machinery

Service industry machinery

Electrical manufactures

Electrical transportation apparatus
Household appliances -
Electrical lighting and wiring

Radio, television equipment
Electronic. components and accessories
Miscellaneous electrical machinery and
equipment

Motor wvehicles

Motor vehicles and equipment
Aircraft and parts
Other transportation equipment



E

IO

20

21

22

23

24

25

26

27

28

U.s. 10

62
63

64

65

66
67

68

69

70
71

72
73
74
75
76
77

78
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Table E-5 (continued)

Industry definition

Professional and photc equipment

Professional and scientific equipment
Optical and photographic equipment

Miscellaneous manufacturing

Miscellaneous manufacturing

Transportation and warehousing

Transportation and warehousing

Communications

Communications except radio, TV
Radio and TV broadcasting

Utilities
Electricity, gas, water sexrvices

Wholesale and retail trade

Wholesale and retail trade

Finance and: insurance

Finance and insurance
Real estate and rental

Miscellaneous retail

Hotels and lodging, repair services
Business services

Research and development

Auto repair and service

Amusements

Medical, education and nonprofit services

Federal government enterprises

Federal government enterprises
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=

29

30

31

32

33

34

35

" 36

37

10
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Table E-5 (continued)

U.S5. IO Industry definition

Groundfish harvesting

Herring harvesting

Lobster/crab/scallop harvesting

Clam harvesting

Worm harvesting

Groundfish processing

‘Herring processing

Lobster/crab processing

Clam/worm processing (distribution)
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32

34
35
36
37

TABLE E=-5:

. 0e127820

0.013848
C.029833
0.,904169
0.006554
J.0

0. 167929

0.600709
0.004033
0.039592
G.0483551
0, Q00065
Q000878
Qe GOUQOT
,002166
0.,001B839
e QUO313
0,001289

© 0, 000303

G 300052
3.,019242
U. 0002411
D.002741
Ue046366
Q.00R354
413452
Je 230210
Det)
‘,'}.i)
Vet
SRSV
Ga0 _
{1,0193820
{).()

&)
A TR
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Direct Input Coefficients

CCLUMN
2 3 & 5

0.009070 0+330895 Q.0 3,002875
0. 290601 0.01L98R7 0. 0600024 Ue045213
0.703386 0.,000336 0. 00006 0.000609
0,011066 Dedl2747 0.000136 0.,025099
0.00355%4 0.,1369908 0. 000050 Q.000283
0H,2000G04 0.0 Q.0 0.000135
3.009809 G 06504 G.000009 0.002038
. 0.003704 U.006504 0.0 0.000871
0,000883 0.000262 0.4 U.000702
0.039114 0.008785 0.000080 0.,015767
B.007911 0.006373 0.000157 0.025247
D.004256 04000710 0.000222 V.0UT560
J.000229 0,0060449 C.0 ¢.000038
0,002071 0,.902019 0,0000172 0.060469
0.03255 C.001252 0. 000083 U,.,049581
Q.(217358 0.021176 C. 000018 0.094503
3.0028590 1,000168 0.000424% 2,018093
Qs 000977 0.002617 0. 000024 0.025454
0.0 0.00119s 0.000044 0.00G329
Q0.000222 0.300374 0.0 £.002558
D.036475 0.014149 Qel74311 Q04035319
J.003256 0.003346 0.000003 0.003125
0.020471 D.373529 0. 000172 U.303430
Qe026024 D.011027 0.0302 %59 0.079230
0.011109 J.023550 ‘. 0CAONT 0.012355
0.018676 0.029082 0. 000138 0.048630
0.0014¢68 Q.00 748 0. 000063 J.000304%
0.0 3.0 0.0 U.C

0.0 0.0 OG0 0.0

et} 0.0 Q0«0 )0

Qa0 0.9 0.0 C.0

0.0 0.0 Q.0 0.0

Oeld 0.0 0.0 Q.0

0.0 0.0 0.9 0.0

D0 0.0 Qe 0.0

0.0 0,0 G.0 0.0

A WHE NE
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- TABLE E=-5 (continued)

——— ————n o e e ——

— g

P
\J

1 W NG D ﬁ—qojm.p~9ngw

Ve ONI232

Ve 007115

- 0.000232

3.001008
0,028072
0.002397
0.0

0.000619
2.003016
0002320
3.0173273
d.060077

T Oe 0

0.055757
0,0063883
Q.,007192
G, 062350
9,103318
Q. JORQ43
0.,000387
G. 03197
0.009125
0.004649
UJ.016163
U.0{98399
n,025133
Qe JCLTTA
C.C
Gaid
g,
i)e()
Qe
o1}
e
0.0
0.0

COLUMN
7 3
J.299841 0.111122
0.0 0.,010316
Q.0 Q000185
0.000620 J.001028
0.000678 0.002323
$. 0000403 0.200004
J. 1796135 0.9Q03951
0.0000%5 . 0.,365675
0.002150 0.002452
0.006068 0.120418
0.,003499  Q,001797
0.,003998 Q.00L171
1.0060048 0.300079
. 0.0131590 2.003119
0.000042 0.0
0.044541. 0,000331
s PR Y] 0.006245
0.00010C7 0.000049
n.0 0.6042030
0.000246 3.000392
0.000215 Q.001202
0.,U33330) J0.017612
C.002994 0.002064
0.004811 0.010324
Oe 340598 2.030339
0.010152 Q.008591
0.0326403 3.011235
.0 JQ
Ua8) 3 o0
Qe D0
0.0 Q.0
0.0 OQO
Q.0 0.0
‘3'0 0'0
OUO Q.0
0.9 0.0

9 10
0.000081 0.000727
2. 0116098 Q.019786
0,060065 0.,0060221
0. QGOULESR 0.034818
0. N0068D  0.003590
0.0 D.0
Q. 001215 0.,009653
0.229391 0.000074%
0.139744 U.002874
0. 011860 "Ce197045
U.000664 $,0065985
U, UNE529 0.0C00834%
0.0014 74 0.,0G0147
0.0 0.001547
0.000324 0.006890
-0.00079¢  0.,009948
0000340 0.004311
C. 000049 0.000479
GJ«D00V32 0.000074

- U.000518 0.,000147
J,012815 Q.000147
N.0N6659 0.033971
0.003333 C.002984
0.002852 0.018238
0.0307¢8 0.039347
0.013124 C. 0068990
0.u11617 0.021701
0,001928 0.000663
0.0 0.0
0.0 J.0
0,0 0.0
0.0 0.0
Q0 O‘O
0.0 0e0
Q.0 0.0
¢, 0 C.C
0.0 0.0



ROW 11
1 D0
2 (4009619
3 D100024%
4 8.008162
5 0.000462
6 0.0
7 QedN))243
8 a0
9 . 0.000049
10 Q.J0U559
11 3017733
12 GV
13 U0
1% Q0.002623
15 3.000097
16 - Je 000850
17 0.00C0N24
18 Q.9
19 0.0
20 C.0 .
21 U.300024
22 e 094493
23 Q.000267
24 0.001432
25 Ve 029490
26 0., 00NR162
27 0.002381
28 .Q0CC0T3
29 0,9
349 3,90
31 D0
32 G0
33 0.0
34 N0
35 De®)
36 D0
37 G0
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TABLE E=-5 (continued)

CCLUMN
12 13

0.,000120 0.0109¢67
Q.027066 D.032281%
0.900151 0.000113
0.,N00542 0.000581
0. 032680 0,001315
0.0 0.0009007
Q. 002017 0.047661
J.032154 (1.032863
0.001445 .005181
0.212826 0.01586¢%
0. 001867  0.001403
0.054162 0.082014
0.000090 0.225229
0.004727 0.000173
0.002740 0.001424
N. 005389 J.002337
23.901505 0.000240
0.000120 Q.000088
2.000090 0.000042
C. 000421 Q.00G0747
J.001325 ).0G3108
0.017040 0.012444
0.003492 0.003870
PD.011019 0.004888
J,032124 U.031668
N,J143561 Q0.013593
2.0009563 .{03172
)13 : 0.0
d.0 0.0
0.0 0.9
0.0 0.0
g0 U Q
00 0,0
0.0 0.0
0.0 0.0
0.0 N

14

0, 200131
0.020998
0.000174
0. 094663
0.035010
0.0

0.000087
0, 000828
0.,009497
0.007711
0.002788
0.000218
9.085951
0.00758)

~ 0.006230

0.006970
0.000392
0.000218
0, 000261
0.000261
0. 072882
0.00379¢
0.038728
0. 029667
¢.013310
0.023089
0. NCQ5 686
Q.0
OIO
o.()
0'0
0.0
0.0
0.0
0.0
O.{)

15

- - —— e - -

0.0

0.,002658
0.000102
0.00153%
0.001176
D0

0.,000511
D.000971
U.000307
0.008435
0.,000920
0.000665
U.000U051
Q.001227
0.149328
0003179
0.010940
0.000511
0.0

0,000153
g.0¢0358
0.024334
0.,001738
0.006135
0.033689
.,007310
0.,005939
0.000307
el

C.0

SCOTTOCO
L
DCODLC O
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TABLE E-5 (continued)
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19

20

e D . A . - D N S P D W T Y A T T T e D T o - - T D S e S S D O S T A Oty >

11
12
13
14
15
16
17
18
10
20

22
23
24
25
26
27
23
29

30

il

32
23
34
25
36
37

Jo
C DN NS NN -

0. 000100
JaU31417
Q,000100
J.000176

LD.001306

.0 .
9.001833
0.000579
0.N00779
0.018584
0.002009
U.002883
0. 000502
0.N04721
0.306069
0.029810

0,006404

0.004345

"~ 0.000050

0.Q001753
0.000653
0.020166
0.002399

0.006273

0.028353
0.314742
C.0320869
N.000628
Ne
€)eC
0,0
C.O
3.0
Jed
0.0
UI‘)
0.0

COLUMN
17 18
Q0.000u48 0.000154
. 005075 d.,022897
0, 000073 C.000128
0.000266 D.000437
0.001233 0.001819
0.0 0.0
0.001982 0.,003%69
0.000338 0.000545
Q.0N0749 0.001156
0.004350 0,020379
0.003021 0.003752
0.010803 0.020096
0.,000387 0.000026
0.004157 0.028705%
0.109046 0.073626
0.023896 0.040321
0.113010 0.010459
0,021026 D.,083186
0,000943 0.000154
d.002248 0.000842
0.000387 34000591
0.,016893 N.D1A37Q
" NDL,0N3553 ND.0N4703
0.005196 Q0070641
0.,033424 Ja0D42762
0.016773 06113492
0.01534T7T  0.026341
N.001015 0.001156 -
0.‘) U.O '
0.0 0.0
Get) 0.0
Q.0 0.0
T 0.0 0.0
UJ.0 Qe
3.0 Je0
0.0 . D0
0.0 0.0

0,00015%8
0.017584
0.0n0109
0.,000178
0.002234
0. CO00 10
0.002392
0,006652
0.008204
0.009597
0,003123
0.008342
0.000128
0.007917
Q.088758
0.078383
0. 103090
0,023059
0.040109
3,004398
0.000425
Ue 015113
0, NN4033
G,007413
4, 027853
0,010833
. 020430
0.001255%
Q.0

* o o e
COCIIODOTC D

* e © o

0.0

0.002973
0.0

0.0

U.000991
0.0

0.002973
0.001982
0.000496
0.003469
0.,001437
0.004955
0.0

0.003964
0.018335
D.010406
0,009911

- 0.030228

.0

" 0.026264

C.0004956
0.007929
0.,0(G3964
0.002973
0.009911
0.020813
0.000991
0.0
0.0
0«0
_0.0
0.0
0.0
0.0
0.0
0.0
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TABLE E-5 (continued)

24

25

. —— " — o ———— —— ———— " — —— " -~ ———— | — T —— "

0.001871
M 0B14TL
0.,00U160
0.000374
U.002298
Go

U«N903190
0,021595
D.002512
3+ 043ATL
0,002725
0.046932
0.005292
U.C006201
0.050887
H.01R922
C.000428
O+ NMIATRI
0.000N53

3.001559

0.064732
3.,017536
0.004704%
G. 005399
O.u43359
N.N18RRH9
0.03P379
0.002298
0.0
UQ’)
G0
Gel
0.0
ﬂlo
3.0
0.‘3
Va0

COLUMN
22 23
0.000103 0.000197
0.002274 0.002666
0. 000988 0.000501
0.1301161 0.0
N, N26054 G.024842
0.000005 0.0
0.001907 0.002701
0000194 Jg.0
0.000297 U. 800286
0.001032 Q.00Vl79
0.023030 0. 0055R0
0.003732 0,001019
d.000011 0.000036
0.2300335 0.0
0.005212 0,000429
V. 002231 0.000018
V.002263 0.3800072
0.002798 0.011768
N.005979 0.000250
0.000184 Je000429
J0.000211 )« JUIUSTU
0.1358206 0.4035008
0.006778 T.012948
0.005687 Q.010e77
.,218120 0,.010069
N.01282136 3,0027828
0.025806 0.0¢€4420
0.001223 - 0.084310
0.0 0«0
0.0 0.0
0e i) M .9
C. 0 U, 0
DeN 040
0.0 U.0
Q.0 Q.0
3.0 0.0
OOO 0.0

0.000065
0.000979
U.0DG224
0.073109
Ce02€4 7
0.0

0.000969
0,0

0. 300205

0.001156

0. 006579
0.0001 49
0. 000009
0.0
t,000233
0.0
Q. 300009
Q. N00783
U, 300047
0.00Q00586
0.0001 20
1. 018685
2.002376
Del64652
0. 005135
0.011397
C.0167£5
Js0U24 14
Del)
C.0
Q.0
0.0
.0
0.0
0. 0
0.0
0.0

0.,000152
0.013810
0.00167T7
0.0

U.003529
0.,060008
0.001158
0.000064%
0.0001356
0.000989
0.01¢039
0.0Q01765
0.000078
0.000523
Q,000004
0.000639
0.030074
0.000857
0.00049D
c.,000157
0.,000764%
N. Q9270
0.01J9833
U.018341
0.016342
V.0T71047
0,0857809
D.004446
U0

7.0

C.00U464

0.0

Q.0

Q.000082"

U.000336
O 00492
J.0G13422

K S 5 & an m D NN AN NN e e

—
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TABLE E-5 (continued)
COLUMN
ROW 2¢ 27 28
1 4000419 0.000899 0.0001¢64
2 ¢.008236 0.001327  0.005937
3 0.000164 0.,000555 0.0003561
T4 U. Q00003 0.000160 0.011414
5 0.069579 0.010678 0.007150"
6 J.,000003 0.000027 0.000033
7 . 0.001158  0.008064% 0.002952
8 © 0.0 0.000748 0.001115
9 0.000003 0.00259¢ Q0.001082
10 0.001814 0.014451 0.001738
11 G.000990 0.006167 0.00285%
12 0.000538 0.004729 0.001542
13 C.C00017 0.002449 0,.,000098
14 0, 000006 N0.003625 0.,000230
15 0.000011 0.000090 0. 000066
16 0.000325 0.00%2899 - 0,000328
17 0. 0004025 0.003577 0.0000¢6
18 - 0.000068 0.,012717 0,000492
19 1.9N0023 0.012446 Q.001410
20 0.00(¢399 0.00€918 0.000230
21 c.o0L781 0.006273 0.0060328
22 {1.002674 G.011028  9,114766
23 0.008103 - 0.003701 U.ulil542
24 0,005535  0.017630 2.010938
25 J.008912 Q036043 0.007380
245 0.086335 0, 6R072 0.025879
27 0.020867 0.055711 0.2234835
2¢ ¢.0063038 0.006273 " 0.0003¢1
29 U.0 0.9 2.9
30 0.0 Q. 0.0
31 0.0 0.0089685 049
32 0.0 0,0 - 0.0
33 - Q.0 0.0 0.3
3% 0.0 0,0 0.0
325 (.0 0.0 0.0
37 .0 0.0 2.0

29

02140

¢ @

L ]
COTCLCOONOSOCODO0

001689

-

COCDOoO0O0ODoOLGOLO

0.0

0.015203

- 0.068131

Ue 025901
0.077140
Q.0

0, 007938
0.095284
0.0

0.0

0.103322
0. 106700
0.005068

’Ool)

0.0

30

0.0
0.002836

53119

0
0
g
0
0
0
o
Q
]
0.001890
Q

0

0

0

«0
0
.0
<0
«0
ol
.o
00'
.0
«0
+0
«0
«0
.O

0.083176

- 0.022684

Ja113422
0.0061890
g.0
0.0
C.0
0.0
0.,070888

De034972

0.0

e o o

COCT O
¢ o o & @
SCCQLTOOCOOGLGO

03781
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TABLE E-5 (continued)

COLUMN
31 32 33

0,0 0.0 0.0
0.044497 0.006239 0,012634
Us 0 0.002569 0.004859
0.0 0.0 o.c

0.0 0.0 0.0

0.0 Q.0 0.0
" G.0 0.0 0.0
0.033096 Jd.0 0.0

Qi 0.0 0.0
0.,020190 0.0 0.0

Je0 0.0 0.0
0,002534 0.(N5672 0,033042
Q.0 Q.0 0.0

0.0 0.0 0.0

C.0 0.0 2.0
0.001663 0.003670 J.0337S01
0.067142 0.063R853 D.011662
Q.025337 Q.0 0,001G544
0.,0BG232 0.,205505 C.1700¢8
C.U0871 2.0 0.0

D0 0.0 0.0
G.052849Q 0.0 0.0

0.0 0,9 Ded

G0 Deh L Y
C.U78464 2.063853 0.317784
0.090736 0.025321 0,0
1,052732 0., 051009 0.1C6900
0.0 0,0 0.0

J.0 0.0 g4

Ve 007522 Oe Qe

0,0 a0 0.4

e U 0.0 Jel)

1 G.0 D60

.04 7506 00 0.0
0.041251 0.0 0.0

Qa0 0.0 2.0

3,0 0.0 0.0

@« 9 ® ¢ o @

107608

11512

CCLOoO0TSOOUL OO0 OCOoOC OO
[ ]
CCOoORCO~S0000O0LTOOCODOG

J.017017
C.0LRD18
0.0
0.017518
Q. G
0.,607107
Je )
Qe
0.0
0. 0
Ol
0.0
0.0
0.0

- ——— v — ——

0.0
0.038578
0.0

0.0
0.017777
0.0
0.103396

0N 069

COoCoOCoCOo
-
DCCGCGOOTO

0.019513

0.073120
U.000972
0.003403
Q.0

0.0

3.085480
0.0
DeQ46733
0.017013
0.015207
0.038817
0,0
Q.0
U D6FRTO
Ve
Qa0
Q.0
Ca0
U+057555
Q.0
Q.40
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TABLE E~5 (continued)

37

v - —————— o ——— . — v

190

12
13
14
15
16
17
18
193
23
21
22
23
24
25
25
27
28
29
30
31
32

- 33

24
35
36
a7

O ® ~ OV WN

0.0
0.005133 .

0.,007523
0.0

—
o

)282

QU334

Q0413

CoGCLOoOLC ool on

S OCOCOOOO

1.0
0.9
0.043467
0.0

T GL,000334
3.0519190

J.0451 4

0.627000

0.9
0.0
D60

Y, 442448

O.\)
OIO
0,0
Gaid
Ca 0
3.0

.0
0.015246
0.028663

080305

QOO OOCTCOLDOODO
CTOoOCCOTCOoOOCOO

e & o » & @& P 4 o

Q,006861
0.002744
9.000152
0.017381

" Q.0

0.()
0.301525
D0
3,003507
0.031712
0.017228
Q.025614
Vel
0.0
0.0
0.0
0.415460
0.156884
0.0
0.0
0.()
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Table E-6: Value Added by Sector

Harvesting Value added per dollar output rank
Groundfish .2898 7
Herring . 5062 2
Lobster/crab/scallop <3137 4
Clam 5677 1
Worm 22993 6

Processing
Groundfish . 1364 9
Herring - »4080 3
Lobster/crab/scallop .1808 8
_Clam/worm 3110 : 5
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Table E-7: Direct and Indirect Requirements per $100K**

Harvesting Processing

ME I-0 : Grd Her Lob Clam Worm Grd Her Lob C/W
1. Livestock and ag. products 4 _

2. Forestry, wood products , 8 7 6 4 4
S. Maintenance and construct 5

7. Food and kindred products 8

8. Fabrics and textiles (nets) 32 24 7 20

17. Engines and machinery 4 6

19, Motor vehicles {(pick-ups) 5 8 7 14 12 ) 9
22.  Trans. and warehousing 12 8 : 9 10 8
24, Utilities, gas, elec. etc. . 6

25, Wholesale and retail trade. 13 9 10 7 34 10 4 10 12
26. Finance and insurance 14 5 12 4 4 9 7 5
27. Misc. retail 8 7 14 4 6 7 8
29. Groundfish harvesting 100 6l

30. Herring harvesting 100 7

3l. Lobster harvesting 100 _ 44

32. Clam harvesting 100 42
33, Worm harvesting 100 16
34, Groundfish processing 5 100

35. Herring processing 4 100

36. Lobster processing 100

37. Clam and worm processing (dist) R . ; 100

- *For industry titles refer to list given in Table E-5, direct input coefficients
for all 37 Maine I-0O industries.

**Figures are in thousands of dollars and are shown only where expenditures exceed
$5,000,
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APPENDIX I

Introduction to Inpﬁt—Output Analysis:

Measuring Economic Interdependency

by

Dr. Thomas Duschesneau
University of Maine at Orono
Department of Economics
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Introduction to Input-Output Analysis:

Measuring Economic Interdependency

Input~output analysis is concerned with the economic interdeéendency
of the many industries that comprise an economy. Interdependency arises
because each industry employs outputs of other industries as inputs to
ité production process. Input—-output analysis is based upon an empirical
analysis of ﬁroduction in an economy and is designed té determine what .
éan be produced and the amount of inputs that are required, given an
existing st;te-of technology. As such, input-output énalysis provides
a quantitatiVe picture Qf the structure of the economy- or, in other words,
indicates how the various industriéS’fit together. It represents a
useful tool for planning purposes, especially forvidentifying the impacts
flowing from economic development.

Several assumptions are inherent in any -input-output analysis. The
most important is thg assumption of a fixed technological relationship
between inputs. This assumes that each industry always uses inputs in
the proportions existing at the time the table is constructed. _With this
assumption, a labor-intensive production process cannot become capital-
intensive as industry output increases.. Because changes in technology
alter the relationships between inputs, the assumption is probably ﬁever
totally cérrect but -whether this has a serious impact on input-output
analysis is disputed.

The construction of an input-output table involves a combination of
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ﬁheoretical, mathematical, and statistical tools and can be based upon
quite different levels of aggregation. An input-output table describes
an economy as it is and provides no information about what an economy

should be, i.e. it is pogitive rather than normative.

Constructing an Input-Output Table

An input-output table is a matrix that depicts the selling and
buying relationships between industries or sector§ in an economy. It
is basically a system of double-entry bookkeeping that reflects the
pattern of transactions existing at the time at which the basic data is

collected.

The Mathematics:

The essential mathematics of irput-output analysis involves the
solution of a set of n simultaneous equations in n variables. As an
example, assume an economy composed of three industries: electronic
equipment, fishing, and transportation equipment.1 The three industries
are interdependent because each uﬁilizes inputs from the remaining two
industries. The extent of interdependency, expressed in dollar terms,
is indicated in Table E-~8. The columns indicate the amount of inputs

required from each supplying industry to produce $1 of output for the

!The choice of industries and the numbers used to represent interdependency
among the industries are only illustrative.
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Table E-8
User of Output
Electronic Transportation
Equipment Fishing Equipment
Electronic
Equipment 0.20 0.20 0.20
Producer Fishing 0.40 . D.10 0.30
of '
Input Transportation ]
Equipment 0.20 0.50 0.10
‘Labor -0.20 0.20 0.50

Total 1 1 1

industry represented by each column. Rows indicate the sales by a
given industry to each of the industries listed acrosé the top of the
table. For example, the table indicates that a dollar's worth of
output from the fishing industry requires’the following amounts of
inputs:

$0.20 qf electronic equipment

$0.10 of fishing inputs

$0.50 of transportation equipment

$0.20 of labor services

The use of input-output aﬁélysis for planning purposes can be

easily illustrated with reference to Table E-8, Assume that ocutput goals
have been set for the three products? $50 million in fishing, $lbo

million in electronic equipment, and $20 million in tranépcrtation
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equipment. The basic question is how much of each product will have to
be produced tc yield the desired goals. Simply producing $50 million of
fishing outputs will not generate $50 million for final consumption
because part of the production will be used up by the other industries,
as a result-more than $50 million will have to be produced.‘ To provide
$50 million of fishing outputs for final consumption requires, according
to Table E-8, the following:

(total fishing output) equals (amount used in

electronic equipment)

F= 0.40E
plus (amount used in fishing production)
+ 0.10F +
plus (transportation equipment) plus (consumption -
goal)
0.30T + $50 million

F= 0.40E + 0.10F + 0.30T + $50

Similarly, the eguaticns for fishing and transportation equipment
are: E= 0.20E + 0.20F + 0,10T + $100
T= 0.20E + 0.50F + 0.10T + $20
We have three simultaneocus linear equations with three unknowns. Solving
- the eéuations for the values of F, E, and T provides the answer to the
initial questions - how much F, E, and T will have to be produced in order

to meet the output targets. The final step is to ensure that the output
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targets are feasible, i.e. sufficient quantities of inputs are available
to produce the desired output levels.

As we pointed out above, input-output tables can be constructed at
differentAlevels of aggregation. While greater detail (less aggregation)
is génetally preferred, computational and statistical problems beccme
quite complicated as tables become less aggregated, i.e., include more
industries with narrower definitions for each industry. Our illustration
of an‘input—output table utilized a 3x3 matrix which required 9 figures;

a 4x4 matrix would require 16 figures. The number of pieces of stétistical
information needed for a table increases as the squére of the number of |
industries included. In addition, the number of compﬁtational steps
required to solve the equations increases as the cube of the number of
industries. Thus, while users are likely to always prefer to work with

a more detailed table, construction costs, especially data collection
costs, rise rapidly when oﬁe attempts to construct tables with lower

levels of aggregation.

Elements cf an Input-Output Table
The'three major elements of an input-output table are: 1) the
transactions table; 2) technical coefficients; and 3) direct and indirect

purchses.

The Transaction Table:

The transaction table shows, in dollar terms, the actual pattern of
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transactions between industries in the economy. It reveals how the
output of each industry is distributed among other industries and final
demand sectors. Viewing the transaction from the buying side, the

table indicates the inputs that flow into each industry from other
industries. Thus, the table indicates each industry's relationship with
other industries and sectors in the economy or, as described above, the
pattern of economic interdependency. Construction of such a table
requires the collection of data wﬁich indicate, for each industry, the
dollar amounts of purchases of inputs from each industry and the dollar
amounts of sales of output to each industry.

A typical transaction table is illustrated in Table E-9. Columns
indicate input purchases by each industry or sector, listed along the
top of the table, from each industry or sector listed along the left-hand
side of the table. 'Rows indicate sales of output by each of the
industries or sectors listed across the top of the table. Thus, if one
wants to learn what inputs are purchased by a specific industry, the
information is found in the columns. On the other hand, if one is
interested in learning where a specific industry's output goes, the
information is contained in the rows.

There are three major elements to the table: 1) the processing
sector; 2) the payments sector; and 3) the final demand sector. - The
processing sector is composed of the industries engaged in producing

goods and services. Our illustration contains only six industries in
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the processing sector but in an actual table the processing sector is
usually less aggregated and contains some 40-60 industries. The
payments sector, represented by rows 7-11 in Table E-9, contains five
parts and is read across the table. The gross inventory depletion row
indicates the extent to which an industry's output is achieved by
lowering inventory levels.

The final demand sector in Table E-9 columns 7-11,. contains five
components. Transactions originate in the final demand sector and
changes in final demand set in motion a series of additional changes
which, because of economic interdependency, are transmitted throughout
an economy.

The general rules for reading a transactions table were presented
above., They can be illustrated, in terms of Table E-9, by considering
the transactions of an individual industry such as industry B. 1In
terms of output, the table indicates that industry B made the following
sales:

$5 billion to industry A
$4 billion to industry B
$7 billion to industry C
$1 billion to industry D
$3 billion to industry E

$8 billion to industry F
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From the Final Demand Sector, industry B:
added $1 billion to inventory levels
exported $6 billion worth of output
sold $3 billion to government
had $4 billion of its output purchased for
capital accumulation
sold $17 billion to the househeold sector
The gross output of industry B, obtained by summing across the row, was
$59 billion.
Viewed in texms of the input side, Industry B purchased,
$15 billion from indystry A
$4 billion from industry B
$2 billioﬁ from industry C
b$l billion from industry D
zero purchases from industry E
$6 billion from industry F
In addition, in producing its output, 'industry B utilized the following
inputs: |
reduced inventbries by $2 billion
importéd $1 billion of goods
paid taxes totalling $3 billion (reflecting purchases
of Government services) .
allowed $2 billion of depreciation

- paid $23 billion to households for labor services
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Summing the column indicated that total gross outlays for inputs by
industry B were $59 billion which, by necessity, equals the total gross:
value of outputs. In other words, the total value of sales for any

industry must equal the total value of inputs purchased.

Technical Coefficients:

While transaction data serves as the basis for an input-output
table, in most cases, the input-output table will not be presented in
terms of absolute values of transaction but rather will utilize technical
coefficients. In the following sector, we describe how technical

coefficients are calculated from the transaction table.

Calculating Technical Coefficients:

Technical coefficients indicate the amount of inputs required from
each industry to produce $1 worth of output fof a specific industry.
Such cocefficients are only calculated for processing sector industries
and are based on transactions data. They can be expressed either in
dollar or physical terms.

Technical coefficients are calculated by: 1) subtracting the value
of inventory depletion from industry gross output ;o obtain adjusted
gross output and 2) dividing the values in each'indgstry's column (a
measure of the industry's purchases fréﬁ each supplying industry) by
gross output. The érocedure can be illustrated with reference to

industry B's transactions displayed in Table E-9,
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adjusted gross output = gross ouéput -~ inventory depletion

$57 = $59 - $2

technical coefficient = each column entry
adjusted gross output

The: technical coefficients, representing the amount of direct purchases
by industry B from other industries, indicate that a $1 output from B
requires:
$.263 of inputs from industry A
$.070 of inputs from industry B
$.033 of inputs from industry C
$.017 of inputs £rom industry D
$.00 of inputs from industry E
$.103 of inputs from industry F
The direct coefficients for each of the processing sector indusfries would

be calculated in the same manner.

Direct and Indirect Purchases:

Direct coefficients, while indicating the direct linkages. among
industries, do not provide ‘a complete picture of the extent of economic
interdependency. Direct coefficients represent only the first round of
expenditures that takes place in response tb a sl increasé in output.
They fail’to capture the indirect increase in expenditures that occur
because each supplying industry, in order to increase its putput, will

have to increase its purchases of inputs. Thus the total reguirements
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needed to produce an additional dollar'’s worth of output equals the sum
of the direct and indirect effects. Computational techniques exist to

estimate the sum of direct and indirect effects.

Applications of Input-Output Analysis

As an analytical tool input-output analysis has a number of
important applications. Three major uses of input-output models are
- discussed below. They are: 1) structural analysis of the economy; 2)
forecasting; and 3) impact or multiplier analysis. Structural analysis
is concerned with the relationship that exists among various parts or
sectors of the economy., Given this knowledge, input—output techniques
can greatly facilitate the planning activities of both-private and
public decision makers. As an exa&ple, public policy makers can
identify the level of final demand required to generate full employment
and, most importantly, determine the consistency between the required
demand ievel and the existing resource base. Forecasting the ramifications
and spill=-over effects of an economy's expansion‘are possible with an
input-output table. Because the fixed proportions assumption makes an
input-output table essentially static, input-output analysis is better
suited to forecasting within relatively short time periods.

The final application involves impact or multipiier analysis.
Economic analysis has had a long interest in estimating the aggregate
impact on income or employment resulting from autonomous changes in

investment levels.  With the development of input-output techniques, it
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becomes possible to determine the multiplier effects in terms of the
impacts on individual industriesband sectors. As such, the analyst
obtains a detailed picture of how the multiplier effects flow throughout
the economy and hbw individual industries are affected. With such
knoﬁledée;_policy makers are in a much better position to guide and
facilitate growth and chanée in the economy.‘

As a final point it should be indicated that input-output analysis
while a powerful tool, is not a substitute for individual decision
making in the policy process. It represents an analytical technique
éapable of providing the decision maker with an improved understanding
of the economy aﬂd a means of identifying the effects of various policy

actions but it does not indicate what policies should be taken.
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Technical Notes

The multipliers presented earlier are derived in-a straight-forward
manner from the calculation of a set of industry production levels
consistent with a given set of final demands. However, prior to a
solution of the'system of equations presented by the input-output system,

two issues had to be resolved. The first was how to account for the

‘volume of trade between Maine and the rest of the U.S. economy so as not

to mistakenly count the income effects of purchases made outside the
state as if they had been made within the state. Second was how to
"close" the model in order to generate the induced income multipliers.
The resolution of these twec problems, the method used to calculate
multipliers, and the method used to remove the effects of fish
harvesting and processing from the sectors they had been included in in

the USDOT. table. are the subject of this appendix.

Interstate Trade
As an aid in the following discussion, define symbolically the
following sets of data:

[TR]: 37 x 37 transactions matrix (one row and column for each

. industry), an element of which will be denoted try i, sales from the
. i ) !

i—th-industry {(located anywhere in the U.S.) to the j~th Maine industry,
TP: 37 element vector of total production of each industry in

Maine, an element of which will be denoted tpi, the output of the i-th

industry,
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TC: 37 element vector of total interindustry and final demand
consumption in Maine from production of industries located in or out of

the state, an élement of which will be denoted tci' total consumption
of product i,
FD: 37 element vector of final demands for each industxry's output,
an element of which will be denoted fdi. Each element fdi is the sum
of personal consumption expenditures, state and logal government
purchases, federal government purchases, gross private investment, net
inventory change, foreign exports, and residual accounting elements
including service industry residwvals, scrap, and secondary transfers out.
W: 37 element vector of intermediate consumption ofieach industry's
output, an element of which will be denoted wi. AAn element of this
vector is calqulated aé w; = tri,j‘

Note that all the data mentioned above are represented by the 1963

volume of transactions and are measured in thousands of 1963 dollars.

To calculate multipliers we want to change the output of one industry

and then calculate the impact on the remainder of the economy. It may
prove instructive here to show how the general éloéed-economy (i.e., no
trade or negligible trade outside its boundaries) input-—output solution
is obﬁained prior to a discussion of the regional, o?en-economy input-
output model used here. In the general model, we are, once again,
attempting to determine the amount of cutput required of each industry

given, (1) a set of purchasing relationships among industries that
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represents the technology of production, and (2) a set of goods desired
for final consumption. We know that, since the economy is closed in our
simple example here, total production equals total consumption. Further,’

total consumption equals the sum of final demand consumpticn and

intermediate consumption (goods consumed in the process of producing

other goods). Utilizing the symbols defined above, we have:
(1) TP = TC, and

(2) TC

[

FD + W.
We now define a matrix [A] whose (i,j) element is calculated

a = tr; j/tpi.. Then ai,j represents the dollar requirements of inputs
~7

i3
from industry j per dollar of outpuﬁ of industry i.- We can then
represent W as

(3) w=[alm
We can now derivé a solution for TP (total production in each industry)
given some set of final demands in the following manner:

~

(4) TP = FD .+ [A]TP

(5) ¢ ~[a]TP = FD

(6) [T ~alre = FD

(7 T = {1 -al %D
The multiplication, in equation 7, of the-matri# [T - A]_l'by any vector
of final demands will yield the total prodgction required to satisfy those

final demands.

The solution becomes more complicated in the regional model. It
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may be that Maine produces more of a commodity thaﬁ is consumed in the
state, less of a commodity than is consumed in the state, or precisely
the amount of a commodity that is consumed in the state. The algorithm-
detailed above is stymied at (1) since total production in Maine can no
longer be said to equal total consumption. To perform analogous
calculations for a régional input-output model we need some relationship
between total consumption and total production in each industry. The
assumption we made about this relationship must reflect what we think
will happen to imports into the state and exports out of the staée when
the level of consumptionvwithin the state changes. At one extreme, we
could assume exports and imports are unaffected by changes in economic
.activity. In this case, all changes in consumption are from changes in
in-state production. At the other extreme, we could assume all changes
in consumption are satisfied by changes in exports and imports. Obviously,
neither of these extreme cases is reglistic. Instead, we used the
following assumption. If Maine was a net importer of a product in the
base year, we assume Maine will continue to be a net importer. If Maine
was a net exporter of a product in the base year, we assume that Maine
will continue to supply all in-state demands, but exports are not
affected by increases in in-state consumption at the base year level.
Specifically, we assume that the percent of total consumpticn supplied
by an in-state industry is constant. Mathematically, let us define a

diagonal matrix [P]. An element, p; ; o©f this matrix is defined:
r [4

(|
 _

1— -
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pP. . =1 1f_tpi/tci > 1

= tpi/tci if tpi/tci < 1.

o
|

Further, if tpi > tcyi, then final demand fdi is increased by the amount
of net exports for industry i, tp; - te; .
With [P] calculated as detailed above, we can proceed as in the

simpler model presented earlier:

(1) TC=FD + W

(2) w= [alTp

(3) TP = [P] (FD + [a]lTP)

(¢) [P]"lre = FD + [alTP

(5) [P]'lTP - [a]Tp = FD

(8) [P_l - a]TP = FD

(7y TP = [P~ - A

Closing the Model

The aim of closing the model is to éapture the ihcreases in
expenditures-énd incomes that occur as people receive payments for
services sold to industries and in tumn re-spend these payments to
generate even more incomes and expenditures. This is accomplished by
including a new industry, the "household sector", in the transactions
table; The new column added to the table, the‘purchases of the Household
sector from all other sectors, is simply the personal consumption
expenditures component of the final deﬁand vector. The new row added

to the interindustyy transactions table represents the payments of
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- all sectors to the household sector for services rendered in the process
of production.

If the data had been available, the household sector column would
have been personal consumption expenditures in the base year of the
table. The absence of this data required that, for each commodity, the
proportion of final demand comprised of personal consumption expenditures
be calculated for a year for which we did have the requisite data (1970);
these proportions were then applied to the final demand data of the table
to obtain personal consumption expenditures in the base year. (Note that,
as with any Othe¥ industry, the pattern of purchases of the household
sector is assumed to be constant). Since the sum of all personal
consumption expenditufes-was a smaller amount than the sum of all
incomes and there did not exist any data (i.e., savings, income taxes,
etc.) to reconcile this difference, we assumed the ratic of total
consumption to total income was a constant.v

After the construction of the household sector and its inclusion
as a new industry in the A matrix, the solution for the closed model
was calculated in the same manner as was documented above for the open

(no household sector) model.

Calculation of Multipliers
Income and expenditure multipliers were calculated for both the
open and closed models. The open model treats all final demands as

exogenously detexrmined. Thus the multipliers obtained by solving the
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open model system include only the incomes and expenditures generated
by interindustry transactions. These multipliers measure the "direct”

and "indirect" effects of an increase in the total production of an

. industry. In the. closed model, personal consumption expenditures are

endogencusly determined. 1In effect, by treating individual consumers
as another industry, the model assumes that personal consumption
expenditures are determined by the amount of production of all other
industries. (In turn, the production of all other industries is
determined by the remaining components of final demand [foreigh exports,
federal govenment gxpenditures, etc.]). By including the household
sector as an industry in the transactions table, the cloéed model is
able to capture the feedback effects on production and income that
occur asbindividuals spend the income they acquired from selling goods
and services. - The multipliers obtained by solving the closed system
include the difect, the indirect, and the income induced effects.
‘Multipliers wefe calculated for both the open and closed models in
the same manner. In terms of the symbolic notation previously
established, the multipliers were obtained By the series of calculations

outlined below.

1. Generate initial solution.
-1 -1
TP = [R]FD, where R = (P ~ - A)

2. Calculate new solution for TP using a Final Demand

(FD} which is approximately $100,000 greater for the
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fishery activity in question.l

3. Determine expenditure multiplier as ratio of changes
in total expenditures to change in output.

4. Determine income multiplier-as ratio of changes in

value added to change in output.

Removing the Fisheries from the Original Table

The data collected by student surveys of industry personnel and.
knowledgeable observers, presented in other appendices in this paper,
were the source of the technical coefficients used both to subtract the
effects of the fishery from forestry and food and kindred products
sectors and.to create the nine new fishery sectors in the table. Given
this data, in the form of direct reguirements per dollar or output for
each fishing sector, a decision had to be made as to what to use for
control totals for the value of production for each sector to generate

the raw data to be used in the transactions table. Actual 1963 data on

lStrictly speaking, we were interested not in the effect of increasing
final demand by $100,000, but rather the effect of increasing total
production of the industry in gquestion by $100,000. If an industry
uses its own output, final demand for its product will not have to
increase by $100,000 to generate a $100,000 increase in its output.
The following algorithm was used to calculate the change in Final
Demand required to generate a $100,000 change in total output:
Let: Y initial industry K output + $100,000
X the portion of industry K's output not determined
by the final demand for X, i.e.
X = r, .(FD.)

k
Then: Y =X i]rk,i(fdk) and fdy = (¥=-X)/ry k.

1}

-l S ==
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value of landings for each species were the obvious choice for control
totals for the subtraction of fishery effects from the forestry products
sector. Its use avoided problems raised by possible changes in the
scale of production and changes in the prices of raw fish relative to
other commodities since 1963. For addition of the newly created fishery
sectors to the transactions table, 1963 data were not used. Instead,

the average landings pattern from 1973-1979 was used. This approach

was used because these sectors exhibit such volatility in output from

year to year. If fishery sectors are aggregated, the weights used to

‘combine them are not selected from one year, but rather as the average

of sewveral vears.

Control totals for the processing sector were, for both the-
subtraction of harvesting sector effects from food and kindred products
sector and their inclusion as new sectors, derived from the landings data
control totals described above. Processing sector control totals were
obtained by calculating, for each processing sector, the reciprocal of
the processing sector input coefficient for raw fish, and then
multiplying this number by the amount of raw fish available for processing.
For example, assume that all herring landings are processed in Maine, no
herring imports, and herring landings ére $10,000. With an input
coefficieﬁt for raw fish of .1000, the amoﬁnt of herring processed can
be determined as the product of the reciprocal_of-the input coefficient

(1/.1000) and the amount of raw fish available ($10,000), or $100,000
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of processed herring products. Since any source of data for the value
of processed products would eventually have had to have been reconciled
with the already existing input coefficients for raw fish inputs to the
processing sectors, the adoption of this methodology seemed reasonable.
Table E-10 presents the value for processed products computed in this
manner and the value of processed products from the 1963 U.S. Fishery
Statistics.

It should be notad that in several instances the subtraction
process creased negative residual coefficients for the forestry and food
and kindred products sectors. When such negatives could neither be
at;ributed to obvious errors of classification of inputs nor removed by
the aggregation of the table down to 37 industries, transactions were
assumed to be zeroc.

For calculating outputs of the fishery sectors, several assumptions

pPrevail across sectors. First, a lack of information on what proportion

of fish processed in the state is consumed in the‘state required that a
reasoﬁable guess of this number be made for the processing sectors—we
selected 2%. Second, as previously noted, it was assumed that all fish
processed in the state were originallyvcaught in the state. Note also
that the convefse, all processing of Maine caught fish occurs within the
state, is also true. The sole exception is groundfish, where it was
assumed that 15% of the catch was processed in the state. Finally, it

wasg assumed that all processed fish destined for human consumption were
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sold through the wholesale and retail trade sector. In conjuncticn
with this assumption we should note one defect. The standard practice
in entering sales through this sector is to enter the margins on the
sales rather than the total value of the sales. Due to a time
constraint, total value of sales to Maine wholesalers and retailers
was enteied rather than the margins of such sales. This leads to

some overstatement df economic impacts; but given the relatively small
proportion of in-state consumption, we assume this overstatement is

negligible.

Table E-10. Value of Landings and Processed Products, 1963
Value of landing#* . $20,994,000
Value of processed pfoddcfs $34,877,000
Computed value of processed products $37,479,000
Source: U.S. Fishery Statisﬁics, 1963.

*Value of landings excludes: smelt, shrimp, Irish moss, sea urchins,
periwinkles and cockles, salmon, oysters and mussels.
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Data and Methods Used to Estimate
Input Coefficients for the

Finfish (except herring} Sector

I. Introduction: Summary of data and estimation procedures for the
ha:vesting sector, | |
An iﬁput-output analysis of the entire finfish (except herring)
harvesting industry of Maine requires detailed information on the
various sub-sectors (gillnetter, small draéger, etc.) in order to
piece together an accurate statistical picture of the industry as a
whole. The basic data bn input costs for the several types of gear and
various vessel sizes utilized to harvest finfish were provided from
unpublished data, used in support of "Tariffs are the Problem", Maine

Commercial Fisheries, March 1977, by James Wilson. The proportion of

total pounds harvested by each vessel size category was estimated from
landings and cther data to be presented below. To obtain input cost
estimates for the whole harvesting industry, the data on proportion of
landings by each vessel size éatégoryrwereused as weights for combining
the input costs of eéch gear type and size category..

Characteristics of the harvesting industry—vyearly landings, species
catch by gear type, prices of fish, and costs of equipment are highly
va;iaple from year to year. To dampen the swings in landings for various
species frbm year to year, a six year .average of the harve;t for each

species was calculated.- The'years 1970~1975 were used to obtain the six



471

year average because the catch by gear statistics corresponding to those
years are generally considered more accurate than more recent catch by
gear data. Caution was required to minimize the possibility of combining
inconsistently measured data because not all data ywere from the same base
year. Costs of inputs for each gear type, presented in raw terms in the
tariff study, were divided by the total revenue earned by each gear type.
The technical coefficients thus obtained were used to estimate costs
rather than the raw values of the source.

The task of obtaining the input costs in proportion to the total
output of the whole industry required a method for combining the technical
coefficients of each gear type and vessel class. The following series
of weights were calculated and systematically applied to the input cost
data:

(1) Landings by species (six year average)

(2) ‘Species catch by gear type (six year average)

(3) Output value by species (for 1972, but since this

was the last step, any vear's prices could be used).

These weights were tabulated and combined to arrive at output value by
pounds, by species and by gear type. . The wéiqhts were then applied to
the proportion of gear input costs by pounds harvested for each vessel
size and class.

This procedural summary is not a comprehensive explanation of the

methodology employed in resolving the heterogenous elements of the
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finfish harvesting sector into its basic input-output structure. Rather
it is offered as a brief overview of a complex series of steps, so that

the reader may always bear in mind the direction of the analysis.

II. Initial Specification of Inputs

The initial input cost data for various sizes and types of vessels
were obtained in part from Dr. Wilson's tariff study of 1976. The
relatively detailed list of input costs provided on the worksheets of
that study were first aggregated to correspond with the sectors of the
I-0 table and then converted to dollar expenditures on inputs per
dollar of output. Thus, in the first entry undér gillnetters in Table
E~19, we observe that $.ll of every dollar of ocutput is attributed to
nets. -

The list of inputs is admittealy'incomplete. It consists of a
limited number of vessel and gear'coéts, yvet finfishing activity includes
inputs such as boxes, traps, harpoons, and others. There are certainly

more gear types used than are accounted for in Table E-19. However,

- input=ocutput analysis handles all input cost data in proportion to the

output of the industry. Relative to all fipfish harvestipg, the costs
for the gear types excluded are insignificant. Table E=11 indicates the
metﬁods by which finfish are harves£ed in Maine and thevtotal‘pouﬁds
taken be each gear type over a six year period. The majﬁr portion (all
but about 4%) of the total finfish catch is taken by trawls, gillnets,

and lines.. Time did not permit a complete survey of all gears used to
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Table E-1l. 6-Year Average Landings (pounds) by Gear, 1972-1975
Purse Gillnets Stop
Year Trawls Seines & Lines Weirs Seines
'70 70,800,700 2,781,000 2,454,800 2,051,800 4,896,600
'71 64,272,700 21,071,100 2,749,000 468,100 7,113,500
72 53,979,400 7,616,800 5,210,500 3,503,500 33,596,300
'73 49,504,000 30,266,200 5,099,300 1,918,600 12,004,000
'74 39,443,500 45,747,100 8,597,900 6,011,500 6,000,300
175 31,929,000 31,851,700 12,597,600 5,306,600 15,138,700
B
YE. 51,604,883 27,722,350 6,118,050 3,204,017 13,124,900
ave's :
% ave.
total 49,.2% 26.0% 5.8% 3.0% 12.5%
catch
% ave.
total
vessel 60.0% 32.0% 7.0%
catch
Floating

Year Traps Harpoons Bagnets - Dipnets Boxtraps
'70 367,100 ° 62,300 32,400 1,694,100 37,600
'71 122,800 136,000 45,000 1,968,200 55,100
'72 63,800 183, 300 50,200 2,225,700 70,200
'73 307,500 40,600 62,700 2,528,700 76,000
'74 162,300 211,400 55,700 3,309,500 79,600
'75 107,800 - 95,000 75,900 3,729,000 154,800
6=
Yr. 18,550 121,433 53,650 2,575,867 78,883
ave's.
% ave.
total 0.2% 0.1% 0.5% 2.4% 0.1%
catch '
Source: U.S. Fishery Statistics, 1970-1975
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catch finfish off the Maine coast.

The tariff study gave no cost épecifications for the very large
trawlers used for redfish harvesting, which account for a significant
percentage of the total Maine finfish harvest. There are ten large,
company—-owned redfish trawlers used in Maine. Unfortunately, input-
output dat& were not forthcoming from either éf the two firms. The

Department of Marine Resources supplied a list of specifications for

‘nine of the ten vessels (see Table E-12)., The specifications, along

with various secondary sources and conversations with knowledgeable
persohs, were used to derive.representative input-output cost for
these vessels.

Input costs for gillnetting vessels were obtained from UMO
fiéheriés extension agent David Dow. Gillnetting and longlining were

lumped together; either activity's separate input costs were minute in

“comparison to the whole industry, and the inputs for both gear types

fit easily into the same.industry categories.

III. Calculation of the Proportion of Total Landings for Each Vessel
Size and Type Class:

Two basic steps were involved in estimating the proportion of
total annual landings attributable to each vessel class. First the
carrying capacities for each vessel class wefe-estimated. Then these

capacities were multiplied by each vessel class's estimated time at sea.
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Length Gross Tons Net Tons
88.3 ft. 160 115
106.1 199 137
118.5 238 108
114.5 199 86
101.3 198 152
av, 105.7 198.8 119.6
Portland, larger vessels*
Length Gross Tons Net Tons
133.7 320 165
133.3 - 321 146
138.2 458 240
133.7 315 151
av. 134.7 353.5 175.5

*Data on one of the Portland vessels are missing.

Source: DMR

Capacity

45
62
130
113
46

79.2

Capacity

155
175
218
164

178

- N e»

Specifications on the 10 Large Redfish Trawlers

{

Beams
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A. Derivation of Carrying Capacity Ratios:

The calculations which follow illustrate the derivation of carrying
capacity ratios used to determine the indices of proportionate total
landings per vessel weight class and are carried out in Table E-13,
sections A through D. " The raw-percehtaqes of total vessel weights by
class were obtained from the New England Fishery Management Council
Census of 1977; The data represent a 60% sample of New England fishing
vessels. The following calculations were based only on those vessels
owned and wharved in Maine.

The following basic assumptions were made in the célculations of
vessel capacity in Table E-~13 A:

(1) vessel tonnage is an appropriate index of carrying
capacity {e.g., if vessel "A" weighs 10 tons and vessel
"B" weighs 30 tons, then vessel B can hold 3 times as
much fish as vessel 34),
(2) all vessels on any given trip fill their holds to the
. same proportionate level as all other vessels (e.g.,
they all £ill theix holds to 75% of their carrying
capacities, the actual level is unimportant),
(3)- all vessels fish the Qame number of days per vear.
Deviatioﬁs from the assumed linear relationship between tonnage and
capacity may arise. For example, different physiéal or structural

characteristics of the vessels may affect the weight—carrying'capacity
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Table E-13. The Derivation of Catch by Vessel Calss
A. Derivation of Carrying Capacity Ratios
Wt. Class
Median Wt.

10 ton 30 ton 50 ton 70 ton 90 ton 125 ton 175 ton 225 ton

Carrying
capacity
ratio

X 3X 5% 7% 9X 12.5X 17.5X 22.5X

Percent
of all

vessels
in class

84.2%  12.3%  1.3% .4% .4% .4% 4% .4%

Derivation of the ratios:

(1) .842(X) + .123(3X) + .013(5%) + .004(7X) + .004(9X) + .,004(12.5X)
+ .004(22.5X) = 1l.55X

(2) 1.55X = 1,100

Substituting X into equation (1) yields the carrxying capacity for each
vessel class presented in Table E-13 B,

" 1 .‘ —AI =~ o Vi N
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ratios. Our second assumption may also be somewhat in error; vessels

may return to port.with little or. no harvest, or they may return

.brimful. But these kinds of problems will distort our estimates only

if they are systematically related to vessel size,
The above assumptions and data yield the percentages calculated at

the bottom of Table E-13 A. These percentages are only first

.approximations of totél landings by vessel size. What remains to be

considered is that not all boats fish the same number of days per year.-
The next step, therefore, weights these percentages by estimates of days
of fishing by vessel size.

B. The Proportion of Total Landings by Vessel Class:

The results of the calculations set forth in Table E-13 A and

- presented in Table E-13 B, the percentage of total landings by carrying

capacities for each vessel class, were adjusted by a second series of
ratios, the relative numbers of fishing days for each vessel class in "’
Table E-13 C. This adjustment is necessary because it is generally

believed that a systematic bias exists between the number of days fished

~and vessel size (most probably, the bias is a function of weather).

Estimatgd-fishing days per vessel were supplied by extension agent David
Dow. The multiplication of thé fishing days ratios presented in Table
E;l3 C by elements of Table E~13 B, resulted in an adjusted percent toéal
landings by vessel class presented in Table E-13 D.

Although these vessel classes do not exactly coincide with. the
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L3 B.{ Carrying Capacity by Vessel Class

tlass
mnage % of Total Landings by Weight

54.3%

23.8%

*The; accoh of the redfish landings.

DataEnglaManagement Council Census, 1977.
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Table E-13 C. Derivation of Adjusted % Total Landings by Weight

Vessel .
Characteristics

Median
wt. class

10 ton 30 ton 50 ton 70 ton 90 ton 125 ton 175 ton 225 ton

Fishing days
ratio

[
>

«333% «333X  .583X 722X .833X - 1X 1X.

% of total
landing
indices

54.3% 23.8% 4.3% ‘1.8% 2.3% 3.2% - 4.5% 5.8%

Derivation of the ratios:

.543(.333X) + .238(.333X) + .043(.538X) + .018(.722X) + .023(.833X) +
.032(1X) + .045(1X) + .058(1X) = 1. Or, = 100%

1 (100%) = .452%

X = 2.213

The fishing days ratio expresses the number of days fishing for each
vessel class in terms of the number of days the largest vessel classes
fish.

Substituting X into each term of the weighting expression yields the
adjusted % total landings by weight per weight class.
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Table E-13 D. Estimated Carrying Capacity by Vessel Class, Adjusted

for Days Fishing.

Weight Class

10

30

50

70

90*
125%*

175#

225%

*1.6% of all Maine vessels harvest

Fishing days supplied by David Dow.

Adjusted % of Total Landings

40.0%

17.5%

5.5%

2.9%

4.2%

7.1%

10.0%

12.8%

34.1% of all finfish landed.
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categories in the Table E-19, the_landings percentages in Table E~13 D
were .an invaluable tool in the analysis.

Table E-14 directly provides landings data which, in turn, gave an
estimate of total revenue for the Maine redfish fleet. Because the data
used to derive the proportions of landings utilizes vessel size classes in
the breakdown, the'proportions do not differentiate between gear types,
but only between sizes of vessels. Therefore, after a breakdown of
landings by gear‘type (e.g., gillnets, trawls, etc.), the landings
proportions -of Table E-13 D were applied to the various sized vessels

for each gear type.

IV. Cost Estimates for the Redfish Fleet:

The proportions of landings by vessel size (Table E-13 D), are a
startiﬁg point for allocatiné the Maine finfish fleeﬁ to vessel types
by gear and harvest. From Table E-13 A, it is apparent that the
largest of the Maine vessels (between 90 and 225 tons) represent
apbroximately 1.6% of the total Maine fleet. The data in Table E-13 D
suggest that this same 1.6% of the vessels are responsible for abbuf
34% of the total annual harvest by weight. The ten redfish vessels in
Mainei(sée Table E-l?) approximatebthe-sizes aﬁd weights of vessels
represented by the data in Table E-13 D. Furthermore, a six-year
average of 86,408,109 pounds/year of finfish (Table E-11) were.harvestéd
by Maine. vessels (Table E-11 includés herrinq; and Table E~13 includes |

herring vessels). Of this yearly total, 34% are harvested by the largest’
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l.6% of the Maine vessels, or roughly 37,000,000 pounds of redfish were
harvested (Table E-17). This information led me to assume that, for
all practical purposes 34.1l% (Table E-13 D) of the total Maine harvest
by weight could be attributed to the ten redfish vessels.

The proportion of total yearly finfish landings represented by the
ten redfish vessels (34.1%) wag next converted to a proportion of totai
industry output value. The 30,000,000 pounds of redfish attributed to
the ten vessels (see above text) represented about 79% of the total six
year average of redfish landings (37,000,000 pounds in Table E-17). For
the same six year period, redfish value was 47% of the total industry
value (Table E-17). Therefore, by multiplying 79% of the 47% of the
total value accounted for by the redfish, we obtain a total finfish
harvesting industry value proportion of 37% contributed by these ten
vessels. The remaining 63% of the industry output value was attributed
to the rest of the Maine finfish fleet.

The analysis indicates that the input categories attributable to
the ten large redfish vessels represent 37% of the total finfish harvest
value.  However, the input structure comprising this 37% was further
divided into two sections, each representative of two basic cost
structures of the ten vessel.fleet. “The specifications for the ten
redfish trawlers (Table E-~12) indicate two different types of vessels.
The Portland based fleet is composed of relatively larger, older and

heavier vessels than the five vessels in the Rockland based fleet
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{Table E-12). Different cost structures were associated with the
physical characteristics of these two fleets.

No input cost data for any of the ten redfish trawlers were
available; consequently, models were aeveloped of the expected cost
structures for the two types of vessels described above. The two
redfish trawler cost structures shown in Table E-19 were constructed
be relying upon basic vessel size and hull-house, engine, maintenance,
and other applicable data from Dr. Wilson's tariff study, along with
studies on vessel cooling systems and conversations with. knowledgeable
persons {(David Dow in particular) about gear costs.

" The two'input cost structures obtained for the redfish fleets next
had to be transformed into I-O ratios. This ultimately meant that each
of the two redfish trawler categories had to be weighted by the
proportion of total finfish wvalue associated with them. As a first step,
total finfish landings were apportioned betweén the two fleets. The
five larger vessels (Table E-12) fit approximately into the 175 to 225
ton categories in Table E-13 D, #hé percentage of total landings by
vessel weight class. Consistent with the entries in Table E~13 D, it
was assumed that the larger vessel landed 22% of total finfish landings.
The other five, smaller, redfish vessels (Table E-l2), were assumed to
be responsible for the remaining 12% of the total finfish harvest
accounted for by the redfish fleet,

Within the redfish category we may reasonably assume proportionality

between harvest weight and harvest value. Thereforé we are now able to
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convert the proportions by total weight into proportions by total value.
Of the 37% of total finfish value attributed to the ten large redfish
trawlers, the five larger redfish vessels are responsible for 64%
(22%/34%), or 24% of the total finfish value. Similarly, 35% (12%/34%),
or 13% of the total finfish harvest value is assumed attributable to the
five smaller redfish vessels. 1In this way final I-0 ratio weights were

obtained for the two redfish vessels categories (in Table E-19).

V. Non-Redfish Input.Cost Estimates:

The remaining 63% of total finfish harvest had to be distributed
systematica;ly over the rest of the input cost structures. The most
difficult problem encountered in this step was the handling of the
different inputs (gear types and vessel sizes) and the amount of total
value (the different species of fish have extremely variable prices
Per pound) attribuatable to eaéh of the inputs. The next five steps
illustrate how this problem was resolved. These five steps, each
corresponding to one of the five followihg tables, are;

l.. Six year averages of species catch (pounds) by
gear type were taken directly from National
Marine Fisheries Statistics, 1970-1975. These
figures appear on Table E-14.

2. Using the same six year average of total pounds
landed of all species for each gear type

(Table E-12), and the total pounds landed of
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each species for all gear types (added across
Table E-~14), each entry in Table E-14 was
transformed into two percentages exhibited in
Table E-15, These percentages are:

(A)  The percentage shown on the left of each
entry -is the proportion of pounds landed of the
particular gear type (cclumn) attributable to the
species -in question (row). For example, 72.4%
of all trawler landings for the period 1970-1975
were of ocean perch.

(B) The percentage shown on the right of each
entry is the proportion by weight of the
particular species (row) caught by the gear in
question (column). For example, 99.9% of the
ocean perch landed,from‘l970—l975 were landed
by trawls.

Total catch by weight and total value for each
species in Table E-16 were supplied by the Maine
Department of Marine Resources. . Dividing these
two figures yielded priﬁes for each species.

In Column 2 of Table E-17 the 'six year average
total landings for each species is represented

as a percentage of total harvest by weight for
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all species (each entry in column 1 is

divided into the total of column 1}. Column 3
shows the 1972 price per pound figures
detefmined in Table E-~16. These are multiplied
by the six year average total catch figures for
each species to result in a 1972 value per
species in column 4 (this column is not
identical to the first column on Table E-1l6,
although they are both representative of 1972
value by species, because the figures in

Table E-17 reflect an estimated 1972 value by |

species using six year average total landings).

“The final column of figures in Table E-17

represenfs the esﬁimated proportion of total
1972 value for each species (each 1972 value
by species in the fourth column was simply
divided into the total estimated 1972 value
of finfish, or the total of column 4). This
last resﬁlt, percentages of total 1972 value
by species, will be carried through to Table
E-18, weights for combining sub-sectors of
the fishery are derived.

In Table E-18, the percentages of_total value

for each species and the percentages of each of
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those speéies baught be different gear types
(or, the input cost structures represented by
these gears) are converted into final
percentages of total value represented for .
each of the input cost structures.

Columns 1, total percent 1972 Valué; 2,
percent caught by trawlers; and 4, percent

caught by gillnets and lines, were determined

in Tables E-17, E-15, and E-15, respectively.

The percentages of total 1972 values for each
species were multiplied by the proportions of

each Species caught by each gear type to yield

percentages of total harvest values for each

species for each gear type. Adding the columns
for the gear types results ih the percentages
of total harvest value for each gear type.
Trawlers account for 82% of the total value,
qillngts and lines for 14%. These values only
account for 96% of the total landed value of
finfish. The difference of 4% is éséuméd to
reflect the different_typeé of gear (boxes,
harpoons, etc.) not considered in this I-0O

analysis.




489

The 14% weight was directly applied to gillnet/lines input cost
structures in Table E-19. However, the estimated 82% of total value'
attributable to trawlers included redfish, which we have already
determined to represent 37% of the total finfish harvest value.
Therefore 45% of the total harvest value may be assumed attributable
to the remaining trawlers (Table E-19). This 45% was further
allocated to three different cost structures representing three sizes
of trawlers: small draggers (55 ft., 30 tons), medium draggers (70
ft., 30;70 tons), and large draggers (95 ft., 70-100 tons) (Table
E-19).

The vessel size classes as percentages of all vessels on the top
of Table E~13 A indicate that there are, proportionately, many more 30
ton class vessels (small to medium trawlers on the worksheet); than
larger non-redfish vessels. However, the data on Table E-13 A include
purse seiners (and sardine carriers) which land about 32% of the total
vessel landings (Table E-11)., For all practical purposes there are
proportionately more of the smaller size trawlers than the larger 70
ton trawlers, but not as much as Table E-13 A indicateé (because the
purse seiners and sardine carriers would represen£ the larger vessels).
It will be assumed that there ére enough of the smaller vessels to
compensqte for the carrying capacity advantage of the larger vessels:;
therefore, we will assume that the total landings of the three trawler

classes' are about equal. The 45% total value held by the trawlers will
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Table E-16. 1972 Landings and Prices

e ..

NS % aa

'n
{

(

Species Value (thous.$) Catch {thous. ;bs.) '72 price/lb.
Alewives 49 2,216 $0.02
Cod 437 4,432 $0.10
Cusk 39 432 $0,09
Eels 25 70 $0.36
Flounder:
Blackback 38 282 $0.135
Dab 67 527 - $0.127
Gray Sole 147 993 $0.148
Yellowtail 47 276, $0.17
Haddock 165 491 .30.336
Hake 176 2,949 $0.06
Halibut | 51 74 $0.69
Mackerel 14 92 $0.15
Ocean Perch 2,268 42,?48 $0.06
Pollock 93 1,326 $0.07
Smelts 17 74 $0.23
Tuna 30 252 $0.12
Whiting 331 4,095 $0.08
3,994 61,329

Source: DMR
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Table E-18.

Species

Alewives
Cod
Cusk
Flounder:
Blackback
Dab
Gray Sole
Yellowtail
Haddock
Hake
Halibut
Mackerel
Ocean Perch
Pollock
Sharks
Smelt
Swordfish
Tuna
Whiting

14.228
+82.022
96.250%
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Percentages of Total Value Attributable to Trawls &

Gillnets/Lines
*3 Value % Caught by *% Value
Value Trawls towards gillnets & towards
(Table E=17) (Table E-15) trawls lines gillnet/line
1.3% 1.0% .013
11.7% 58.0% 6.786 42% 4.914
1.1% 37.0% .407 63% .693
1.0% 99.9% «999 A% .001
2.3% 99.6% 2.291 4% .009
2.9% 99.9% - 2.897 <1% .003
«8% 100.0% .800
5.2% 83.6% 4.347 16.3% .848
4.4% 31.7% 1.3%95 68.3% 3.005
1.0% 58.4% .584 41.6% .416
1.0% 2.0% .020 1.0% .001
47.1% 99.9% . 47.053 .05% .024
4.4% 34.8% 1.531 65.2% 2.569
- 84.6% - 14,5% -
.5% 2.2% .01l 24.9% .124
1.2% .1 .001 98.5% 1.182
25.2% .126
12.9% 99.9% 12.887 1% .013
*32.022% *14.,228%

As previously mentioned, the 10 large redfish vessels account
for 37% of the total value, that is all trawlers (99.9%,

Table E-19), so 82% - 37% leaves 45% of total value for the
mid-sized trawlers (see work sheet).

Data from Tables E-17 and E—lS.-
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then be divided equally among the three size classes. Each third of the
45% yields 15% of the total finfish harvest value attributable to each
of the three trawler classes. These percentages were applied as weights
to the basic trawler input cost structures.

“All the major input cost structu?es included in the finfish
harvestinq.séctor have percentages of togal value weights associated
with them (refer to Table E-19). Each individual input for each vessel
class was multiplied by its respective total value weight. These results
were then added across the worksheet to yield the final estimates

presented in Table E-20.

. VI. Finfish Processing Sector I-Q Estimates:

The finfish processing sector I-0 estimates were calculated in
much the same manner as were the harvesting sector estimates. Input

costs structures were obtained for representative processing operations,

then, according to each category's contribution to total processed output,

weights were determined. These weights were multiplied by representative

cost structﬁres, and the results were summed to yield final I-0 estimates.
Input cost structures were obtained by interviewing processing

plant representativeé. Because of confidentiality, these figures

{processing plant categories' input structures) will not be included

here.



U.S.

I-0 no.

17

19

32

42

43

48

49

56

.61

64

65

69

70

73
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Table E-20. Technical Coefficients for the Finfish

Harvesting Sector

Industry Title

Miscellaneous textile goods

Miscellaneous fabricated textiles

Rubber, miscellaneous plastics
Pabricated metal products
Engines and Turbines

Food products machinery

General industrial equipment

Radio and communication equipment

Other transportation equipment
Miscellaneous manufacturing
Transportation and warehousing
Fuel

Finance and insurance

Business services

Value added

Technical Coefficient

.1251
.0769
.0017
.0152
«0359
.0040
.0280
.0259
.0771
.0071
.0963
.1034
1066
.0051

.2993
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Table E-21. All Maine Finfish Processing Plants - 1972

% lb. value % $ vélue
Pollock ©10.9 68.8
Cod : 13.1 12,2
Haddock 9.6 18.6
Flounders 4.1 4.8
Redfish 47.2 43.4
W. Hake 5.2 5.1
Cusk " 5.8 6.3
Whiting 2.9 .8
Other 1.2 2.1

Source: - NMFS unpublished data

Estimation of I-0 Weights:
The input costs structures of the industry were broken déwn,in
terms of: |
(1) high volume, relatively capital-intensive processors
(2) high volume, less capital-intensive redfish processors
(3) smali, more labor-intensive, low volume processors.
Weights corresponding to these three categories répresenting the
proportion of total value attributable by each £o the total finfish
processing sector production. This table appears above with each

entry represented as a proportion of total value by weight and by

dollar value.



499

Since redfish was a category within itself, the percent of total
value attributable to redfish was taken directly from Table E-21. The
remaining two weights were more difficult to establish. In 1972 the
first category, that of high volume capital-intensive processorsvdid not
exist., The processed fish produced by this category are almost all
imported and therefore they would not be properly represented by Table
E-21. The total pounds processed per year by this categofy (obtained

- from interview) were added to the totals in Table E-21. The proportion
of the new total by wvalue attribﬁtable to this category was extracted
from the new totals of Table E-2l1. Again, the figures will not be shown
(to protect the‘privacy of the firms involved). The resulting weight
was multiplied by the input costs for the large high=volume, capital-
intensive category.

The remaining proportion of total value was assumed to represent
the last input category, and was multiplied by the associated ihputv‘
costs. All three categories were then added, input by input, to yield

the I-0 estimates in Table E-22.

- e
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Table E-22. Technical Coefficients of the Finfish Processing Sector

Industry Inputs . I-O0 estimate
3 raw fish .6195
12 plant depr., maint., ané repair .0398
25 containexrs and wrap | .039%
46 .forklifts, trucks, (company owned) .0163
48 skinning, filleting, freezing machinery .0676
65 trucking services .0125
69 - - fuel, wholesale, retail trade .0236
70 marketing, offices, ;dministration .0205
75 automotive repair .0025
. 68 utilities ' ' _ .0229
Value added . .1399
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APPENDIX IV

Estimation Techniques Used in Compiling the Herring/Menhaden

Sector for the Maine Input-Qutput Table

by

Hugh Briggs

University of Maine at Orono
Senior, Department of Economics
University of Maine at Orono
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Estimation Techniques Used in Compiling the Herring/Menhaden

Sector for the Maine Input=-Output Table

I. Methodology:
Input-output analysis is based on a detailed accounting system for

economic transactions that occur between industries with a buyer-seller

- relationship. As an accounting technique, one of its foremost requisites

is a detailed definition of each different industry's output. The Maine
input;output table contains two activities for the.herfing/menhaden
sector: (1) the harvésting of herring and menhaden and (2) the
processing of herring and menhaden. The herring/menhaden harvesting

sector of the Maine economy is defined, for measurement purposes, as

"being comprised of the econamic activity of individuals who reside in

Maine and land herring or menhaden in Maine ports or- elsewhere and .incur
costs and receive payments as a result of fishing for herring and
menhaden. The herring harvesting sector includés two subsectors, the
juvenile hexring fishery, a source of raw material for saréine

and fish sﬁeak canning plants, and the adultrherring fishery, Thé
herring processing sector ié the industry which transforms either raw
herring or processed herring by-products into :products utilized as
either human and animal fcodstuffs or inpufs,to other industrial
processes. Thus, the herring processing sector’; output includes
sardines, canned fish steaks, marinated herring, salted and smoked

herring, herring fillets, herring roe and spreads, and fish meal and
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pearl essence which serves as an input to another industry. Menhaden
a;: s0ld either as bait to lobstermen or as inpu;s to fish meal
processing plants. In addition, 9.9% of the.herrin§ harvested is sold
directly as. lobster bait.(Maine Herring Management Plan 1978, 1979,
1980) .

Although the foregoing seems to be a complete description of the
various types of herring products and fisheries identifiable in Maine,
as a §ractical matter, there were several problems in collecting the
data. For example, the amount of herring landed by Maine fishermen in
ports outside Maine could not be determined. Similarly, it could not
be determined what proportion of Maine landings are. caught by fishermen
who aré not residents of Maine. These two limitations in the available
da£a dictated a strategy of assuming that all herring landings in Maine
wére by Maine fishermen and that Maine herring landings accounted
completely for all the herring landed by individuals from Maine. In the
‘processing sector, the sheer number of different types of products and
-the reluctance of participants in some of the industries to release
information combined to force the exclusion of some.of the relatively
minor activities from the total value of processed herring products.
More specifically, the‘processing sector used to construct the table
includes input cost descriptions for the fish meal processing, sardine
and steak canning, and filleting sectors of the industry. .(Refer to

Table E-23 for a more accurate picture of what has been omitted in value
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terms).

Table E-23. Weighting System for Processed Herring and Menhaden

Product Value (1000 1975 dollars) % of total Adjusted %
Sardines 24,917 | 47.25 53.92
Roe, spreads, and fish 3,348 6.35 —_——
Pearl essence - 3,172 6.02 ———
Fillets , 2,827 5.36 © 6.12
Industrial 18,466 35.02 39.9%6

TOTAL 52,730 - 100.00 100.00
Source: U.S. Fishery Statistics, 1975.

The above data yield the following weighting system for processing
sector input costs:

.5392(s) + .0612(f) + .3996(i) = industry input coefficient, where
s=sardines, f=fillets, i=industrial products.

wWith the foregoing definitions and caveats as a framework, two
types of data were obtained. At the level of the firm, annual input

costs and total revenues for the "average" firm in each subdivision

‘were required for the calculation of the technical coefficients. One

step up the economic hierarchy, each industry's (or gear's, in the case
of harvesting) proportioﬁ of the total value of processed and harvested
herring and menhaden had to be calculated to determine .an appropriate

weighting scheme for combining their respective technical coefficients
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to acqguire a set of technical coefficients appropriate for each of the
combined processing and harvesting sectors.

Except where noted below, estimates of input costs and total
revenue were obtained by interviewing individuals connected with the
particular type of activity. Interviews typically began with an
explanation of our research purposes and a request for an estimate 6f the
total annual cost of each input required for the specific activity. In
cases where an input could be used for more than one year, a useful-life
estimate and an estimate of méintehance costs were also requested.
Problems occurring when two people gave different estimates for the same
item were generally resolved by averaging the tﬁo costs unless further
evidence indicated that one of the cost figures was more plausible.
Because some individuals were unwilling to provide total revenue
estimates, a variety of techniques, detailed below, were used to estimate

total revenue for the average unit.

II. The Harvesting Sector

As.was previously mentioned, two subsets of the herring harvesting
sector were covered in the study; the fishery for juvenile fish and the
fishery for adﬁlt fish. For an input-ocutput model, separate treatment
is important.‘ Although they utilize the same fishing géar, the majority
of adults are landed with mobile gear, while the majorify of juveniles
are landed with fixed gear. ' Both fisheries include operators. of stop

seines, purse seines, and weirs. Purse seines account for 77% of the
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adult harvest (Maine Herring Management Plan, 1978, 1979, 1980).
Therefore, the input costs of harvesting adult fish are represented by
the input cost structure of purse seiners, the input costs of weirs,
and the input costs of stop seines.weighted with 77%, 11.5%, and 1ll1l.5%
of the catch, respectively. |

For the juvenile herring harvesting sector, high year-to-yéar
variation in catch by gear forced the use of a ten year average (1969-
1978) of catch by gear statistics to determine the weighting system to
be used fo# combining the input costs of the thfee types of gear (see
Table E-24). Note that, consistent with the definition of juvenile
fish harvesting: method of catch by sardine case statistic§ were used
rather than the more conventional measures of catch (tons, for example).
Catch by gear statistics would have included adult-fish harvesting
activities;

Thé most recent three years for which statistics indicate the
proportions of juvenilée and adult herring landed, 1974-1976, were
averaged in weighting the input coéts~of the two fisheries.. The
weighting formula was calculated by multiplying proportion of total
her:ing landed (lbs.) that was used for‘filleting by the 1979 price per

pound. The same procedure was used for juvenile herring. The resulting

figures served as weights in combining the two hefring fisheries (see

Table E-25).

Well over 90% of the menhaden caught each year are landed with
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Table E-~24. Percentage of 1/4 0il and Mustard Pack Cases by

Method of Catch, 1969-1978

Year Gear Type

Purse Seine Stog Seine Weix
1969 59.11 ' 22.00 18.89
1970* 73.78 19.52 6.70
1971* 57.56 40.30 2,13
1972+ 8.15 83.17 8.68
1973 54.07 39.70 6.23
1974 67.25 16.22 : 16.53
1975 33.91 44.76 21.33
1976 10.69 80.91 8.40
1977+* 22.31 72;25 5.44
1978%** 24,71 36.06 39.23
10 year
average 41.15 45.49 13.36

Source: Maine Sardine Council

* In these years, the category "mixed" appears in the source data and
. has been excluded here. Mixed gear accounted for .04% of the catch
in 1970, .31% in 1971, and .84% in 1972.

**In these years, the category "trawlers" appears in the source data
and has been excluded here. Trawlers accounted for 1.5% of the
cases in 1977 and 2.8% in 1978. : :
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Table E-25. Total Value of Herring Harvest and value by Adult

and Juvenile Sub-sectors, 1974, 1975, 1976

1974

Juvenile fishery

Landings 42,202

Value 2,182

% of total value 75.01
Adult fishery

Landings 5,196

Value 727

% of total value- : -24.99[
Total

Landings A 47,398

Value . 2,909

% of total value 100.0

Year

1975

33,473

1,731

72.16

4,775
668

27.84

38,248
2,399

100.0

1976

66,552
3,441

86.98

3,677
515

13.02

70,229
3,956

100.0

Average 1974-1976: Juveniles 78.05% of total landed value of herring
, Adults 21.95% of total landed value of herring

Source: U.S. Fishery Statistics
Herring Management Plan

All values are in thousands of current dollars.
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purse seines (see Table E-26). The cost structure for purse seiners was
used to represent the costs of harvesting menhaden.

Technical coefficients for each type of gear are presented in
Table E-29. The technical coefficients for the industry are presented
in Table E-3o; To -obtain input coefficients for the herring/menhaden
harvesting sector these technical coefficients were combined according
-to a weighting scheme (derived in Table E-28) that utilizes information
stated earlier on catch by gear for adult herring, juvenile herring,
and menhaden and the proportion of the total menhaden and herring
landings attributable to herring (adult and juvenile)} and menhaden

(presented in Table E-27).

Weir Operations:

The operators of two weirs—a newly constructed weir and a
relatively long-standing weir—were interviewed to obtain the costs for
their operations.

Due to the amount of annuél variation in total revenue for a weir
operator,.total revenue for a weir operator was calculated by firs;
applying the weir catch by gear proportion to the juvenile herring
landed figures for 1972-1975 (obtained from U.S. Fishery Statistics) and
then multiplying by 1979 prices and dividing by the number of weirs for

each vyear.

Stop Seine Operations:

For stop seine operations, the individual interviewed fished for.
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Table E-26. Value* of Menhaden Landings by Purse Seine 1973-1975

Year Value of Menhaden Landed Value of Catch by Purse Seine % of total

1973 144 ' 142.6 99,03
1974 155 152.4 98,32
1975 . 196 196 : 100.0

Source: U.S. Fishery Statistics

*Thousands of current year dollars.

Table E-27. Herring and Menhaden Landings and Proportion of

Total Herring and Menhaden Landings, 1973-1979

Year Herring (% of total) Menhaden (% of total) Total*
1973 1,080  (.8824) 144 (.1176) 1,224
1974 1,793 (.9204) 155 (.0796) ' 1,948
1975 1,423 (.8795) 195 (.1205) 1,618
1976 2,909 (.9065) 300 (.0935) 3,209
1977 2,399 (.9713) 71 (.0287) 2,470
1978 3,956  (.9579) 174 (.0421) 4,130
1579 4,584 -(.8578) 760 (.1422) 5,344

1973-1979 average...herring 91.08% of total herring/menhaden harvested
" value, menhaden 8.92% of harvested value. '

*Units are thousands of current dollars. .
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Table E-~-28. Weighting System for Herring/Menhaden Harvesting

Let:
w = weir technical coefficient
ss = stop seine technical coefficient
ps = purse seine coefficient

Then:

Adult herring input coefficients = . 77(ps) + .115(w) + .1ll5(ss)
Juvenile herring input coefficient = .4115(ps) + .1336(w) + .4549(ss)
Menhaden input coefficient = 1.00(ps). »

The two herring subsectors are combined according to their
proportion of the total landed value of herring:

.2195(.77 (ps) + .115(w) + .115(ss)) + .7805(.4115(ps) + .1336(w) +
.4549(ss)) = .4902(ps) + .1295(w) + .3802(ss).

To obtain technical coefficients for the whole harvesting sector,
herring harvesting is combined with the menhaden harvesting according
to their proportion of total value of menhaden and herring landings:
.0892(1.00(ps)) + .9108(.4902(ps) + ;1295(w) + .3802(ss)) = .5357(ps)

+ .1179(w) + .3483(ss).
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Table E-29. Herring Harvesting Technical Coefficients

U.S. Weir Stop seine Purse seine
I-0 no. Industry Title fishery fishery . fishery
3 Forestry products .0277
19 Misé. textilebproducts .2461 .1466 .1358
20 Lumber and wood produqts .0010
32 Rubber and misc. plastics .0036
42 Other fab. met. products , .0082
43 Engines, turbines .0159 .0617 .0727
45 Constr. machinery and 1.0027
equipment
49 ‘General mach. and equip. .0049 -.0411
56 Radio and TV equipment .0074 .0098 .0370
61 Boatbuilding and repair .0524 ;0780 .1561
62 Prof. and scientific .0074 . .0031
instruments
69 o Wholesale and retail ' .0208 L1159 .0472
trade |
70 Real estate, insurance . .0708
Value added _ .6186 .5860 : 4275
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Industry Title Input Coefficient

Combined Harvesting Technical Coefficients

3v
19
20
32
42
43
45
49
56
61
62
69

70

Forestry products

Miscellaneous textile products
Lumber and woods products

Rubber and miscellaneous plastics.
Other fabricated metal products
Engines and turbines

Construction machinery and equipment
General machinery and equipment
Radio and TV equipment

Boatbuilding and repair

Professoinal and scientific instruments
Wholesale and retail trade

Finance and insurance

Value added

.0032
.1528
.OOOi
.0018
. 0040
.0617
-0003
.0221
.0028
<1132
.0021
.0713
.0347

.5098
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herring six-ﬁonths of the year and scalloped the other six months. His

. operation was assumed to be representative of stop seine operations.

For that reason, items that are presumably also utilized as scalloping
gear were depreciated only half a year.

Due to the unknown nature of the functional relationship between
catch (and therefore total revenue) and other variables, this individual's
aﬁerage revenue figure was used rather than some other estimate. The
individual stated that expenses accounted for about 42-44% of his total
revenue. To calculate total revenue, the equaticn (.42) total revenue =
cost was éolved to yield a total revenue of $27,971. The result was lent
further credence'as the individual also noted thaﬁ, in an averége year,

he landed approximately 400 hogshead of herring, which, at $70/hogshead,

yields a total revenue of $28,000.

Purse Seine Operations:
The input cost data for purse seining were obtained from a 1976

tariff study undertaken at UMO. All figures used in the study were in

1975 dollars.

III. The Herring Processing Sector

The proceséing_ sector, as previously noted, includes the ‘inpt.n:
costs for sardine and steak canneries,.fresh and frozen fillet plants,
and fish meal processors. The data from the three sector; were collected

by interviewing participants in each sector, and were weighted by using
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the 1975 proportion of total value of herring output attributable to
each sector and adjusting these figures upward to reflect the exclusion
of the pearl essence and roe, spreads and fish categories (see Table E-23).
The quantity of herring imported from Canada varies highly from
year to year. Therefore a ten year average of the percentage of total
U.S. herring supply that was imported was used for the table (see Table
E-31).
Processing sector input coefficients are presented in Table E-32.
For the most part, these figures can be considered fairly accurate.
The technical coefficients for each processing sector have not been
shown in order to satisfy confidentiality requirements placed by their

sources.

Table E-31. Percentage of Sardine Pack Imported from Canada, 1968-1977

Year Percent Imports Year Percent Imports
1968 49,37 : 1973 46.34

1969 42,00 1974 53.4

1870 47.19 1975 60.8

1971 59.92 1976 29.2

1972 50.41 1977 19.2

10 year average——45.8%
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Industry Title

12
14
21
25
29
39
40
42
44
45
46
48
49
53
59
65
68
99
70

73

Maintenance and repair construction
Food and kindred products

Wooden containers

Paperboard containers

Cleaning supplies

Metél containers

Fabricated metal products

Other fabricated metal products
Farm machinery and equipment

Construction machinery and equipment

.Material handling machinery

Special machinery and egquipment
General machinery and equipment
Electrical transmission equipment

Motor vehicles and equipment

Transportation

Eléctricity, water, gas
Wholesale and retail trade
Finance and insurance
Businegs services

Herring harvesting
Heiring p;océssing

Value added

Herring Processing Technical Coefficients

Input Coefficient

.0178
.0134
.0093
.0294
.0001
.0187
~.0006
.0002
.0008
.0011
.0017
.0384
.0311
.0010
.0034
.0855
.0467
.0170
.0152
.0358
.0702
.0576

.0938
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Input-Output Estimates for the Lobster/Crab/Scallop Sector

I. Explanation of Entries of Costs into the Lobster/Crab Harvesting
Sectar.,
A. Introduction: Lobster Harvesting
Several problems arose from our attempts to identify the costs of
the "average" full—ﬁime lobstermen. The operating characteristics of
full-time lobstermen éhange as the season progresses from April to

December. Furthermore, even at a given time during the harvesting

"sSeason, one observes varying costs as he travels from east to west along

the coast. This appendix will detail the sources consulted and methods

used to construct the lobster/crab/scallop sector of the input-output

table.

For most fishermen lobstering is only a six to seven month job.
Large numbers of lobstermen switch to other fisheries for relatively
short periods during the year according tovthe seasonal or cyclical

abundance of other species.. Still, lobster fishing remains the primary

. source of income for the majority of Maine fishermen.  And, despite this

switching behavior, the full costs of inputs used by lobstermen are
attributed to 1obstering. The sole exception to this rule -applies to
lobstermen who aléo harvest scallops. Costs common to'both‘lobStering
and scailoping are attributed 1/2 to scalloping, 1/2 to lobstering. All
costs are based on 1978 figures unless ctherwise.specified;

The remainder of this report consists of eight tables that either
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itemize costs of lobster, crab énd scallop harvesting or processing or
show how the costs were included in the I-0O table. Knowledgeable members
of Sea Grant, UMO, and DMR, and industry sources were consulted to obtain
the estimates. The text which follows explains entries which were the

most troublesome to estimate.

B. Methods of Estimation for Table E-33, Lobster/Crab Harvesting Costs
Inputs} (underlined numbers refer to "Entry" numbe;s in.Table E-33).

1l Sea Grant and UMO sources estimated that traps cost $20 each and have

a lifespan of five years. All traps were assumed to be made of wood

rather than metal. Wooden traps constitute the majority and are

regaining popularity over time in the opinicn of members of Sea Grant

and industry participants interviewed. It was estimated that the

average full-time lobstermén fishes 250 traps which are hauled 100 times

a year with each trap containing an average of .5 pounds per haul. This

implies that the faverage" full-time lobsterman landed 13,200 pounds in

a year. Crediting 1 million pounds of the recordéd 19 million pounds

landed in 1978 to part-timers would suggest the presence of only 1,350—.

1,400 full-time lobstermen in Maine. Yet it is usually estimated that

there are approximately 2000 full-time lobstermen in Maine. vHowever,

it is also generally believed that recorded landings represent only a

percentage of actual landings. If iecorded lobster landings were 75%

of the actual. landings, our estimate of the number of full-time lobstermen

increases to 1,900-2,000.
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Table E~33. Lobster/Crab Harvesting Costs (purchases of inputs)

u.s.
Entry I-O no. Description : Cost/$1l sales

1 260 traps @ $20 per trap 5 yr. life $5200 total

la . 28 Toggle (foam) .0048
1b 17 Twine @ $5 per trap $1300 ' .0108
1c 28 Buoy @ $1.50 per trap $390 .0033
14 20 Wood @ $5.50 per trap $1430 .0119
2 3 Bait 347 bushels at $7 per bu. $2,429 .1022
3 6l Hull and house $12,000 20 yr. lifespan .0250
4 43 Main engine $7,000 10 yr. lifespan .0291
5 49 Pumps $100 2 yr. lifespan -.0208
6 56%* Radar $3,500 6 yr. lifespan .0121
7 56* Loran $3,500 6 yr. lifespan .0121
8 56 Radio $100 3 yr. lifespan .0013
9 32 Life saving equipment $200 5 yr. lifespan .0020
10 49 '~ Hydraulics $2,500 6 yr. lifespan .0173
11 17 Syn line $500 4 yr. lifespan .0052
12 69 Fuel $2,00 per year .0833
13 70 Insurance $300 per year .0125
14 73 OCffice $300 per year .0125
15 65 Truck $5500 4 yr. lifespan - ' . .0572
16 24 Shed (storage) . <0145
17 42 Tools $450 10 yr. 1lifespan o ' .0018
18 32% Boots -$30 .0006
19 62 Compass $75 25 yr. lifespan .0001
20 62 Depth finder $150 7 yr. lifespan .0008
21la 28 Trap maintenance .- .0076
21b 17 .0190
21c 28 ' .0057
21a 20 o .0208
Maintenance (parts)

22 61 Hull, house $700 per yr. .0291
23 61 Engine (main) $500 per year .0208
24 61 - Hydraulic gear .$100 per vear .0125
25 - 61 - Paints and varnishes $100 per year .0041
26 75 Truck parts $200 per year .0083
27. 70 Interest $1900 per year _ .0791 .

‘*Half of the cost is charged to scalloping.
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2 Demand for bait does not respond greatly tq changes in cost.
Estimates of bait costs range from $3.50 per bushel to as much as
$12.00. Final estimates of $7 per bushel and 1 bushel of bait per
75 traps per haul werg uséd.

9 No estimate could be ﬁade of the percentage of boats that have
lifesaving equipment required by law. This entry assumes 100%
compliance with the law.

21 (a b c d) Trap maintenance based on 35% replacement for

depreciation and storm loss.

C. Introduction: Crab Harvesting

It is believed that virtually all crab landings are harvested by
lobstermen. Furthermore, sources at DMR claim that no significant
amount is harvested south of Portland (because of overfishing and poor
habitat) and east of Frenchmen's Bay (due to poor habitat). There
appears to be little or no additional costs for a lobsterman to also
harvest crabs.

Pounds per trap per haul is highly variable due to seasons and
diverse habitat. The.limited data available indicates that the catch
per trap per haul ranges from 0.0 in York County to as much as 12.5
crabs per trap per haul in Belfast.

It is generally agreed that the recorded landings (those going to

crab processing plants) are only about 1/2 actual landings. The remainder

goes to people who pick crabmeat in their own homes and sell to stores,
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operate roadside stands, etc.

Recorded landings for crabs were doubled, then divided by the
nunber of full—time‘iobstermen to obtain estimates of total crab catch
per lobsterman (each_crab weighs roughly 1 pound, depending on the time
of year). But this methodology gives no credit for crab landings ﬁo the
part~time lotsterman. If we assume that part-timers contributed to crab
harvesting in the same proportion as‘they contribute to lobster landings
(5.3%), then, the‘results would indicate 2,717,000 (a;tual) lbs.
harvested by full-~time lobstermen and 1,993 pounds per full-time
lobsterman.. ‘At 12 cents per pound ex-vessel price, each lobsterman lands
$239.16 worth of crab.

It is interesting to note that, from 1978 to 1979, the ex~vessel
price for crabs has increased from 12 cents to as much as 25 cents per

pound and will probablY continue to rise at a steady rate.

D.\ Breakdown of Costs Table E-34 - Lobster/Crab Harvesting:

How to read Table E-~34., The first column item indicates the U.S.
Input-Output Industry Céde to which each entry is allocated.

The second column contains a description of the cost item.

The third co;umn contains the technical'coefficiént, or cost, per
dollar of output, of-the input-deécribed in the secOnd-column.

Total revenue for the "average"” lobsterman is computed in the
following manner:

13,200 1lbs. lobster at §1.80/1b. (DMR) = $23,760

1,993 lbs. crab at $.12/1b. (1978 DMR)= § 239
$24,000
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Table E-34. Lobster/Crab Harvesting Table

g.s.
-0 no. Industry Technical Coefficient

3 Groundfish sector .1022
17 Textile products .0349
20 Lumber, wood products .0327
24 Paper, allied products .0145
28 Plastics, synthetics .0214
32 Rubber misc. plastic .0026
42 Other fab. metal products .0018
43 Engine, turbines .0281
49 General machine equipment .0381
56 . Radio, TV, etc. equipment .0255
61 Other transport equipment .0915
62 Professional scientific instruments .0009
65 Transport, warehcusing .0572
69 Wholesale, retail trade .0833
70 Finance, insurance .0916
73 ‘Business services .0125
75 Automotive repair .0083
Value added .3519

II. Explanations of Entries into the Scallop Harvesting Sector

A. Introduction

The scallop season runs from November 1, to April 15. There are

apparently no full-time scallopers operating in the state of Maine.

Since the lobster season runs from June or July to October or November

)

and the average lobster boat is relatively easily adapted to scalloping,
much of the scalloping is done by lobstermen.

Because boats can be easily adapted to scalloping, the level of
activity in scalloping can be variable. During. times of abundant stocks,

many boats will go scalloping. Stocks gquickly become depleted and
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fishermen store their dragging equipment until such time as the beds
restore themselves. This process has been occurring for the past 10
vears with a 2-3 year cycle. The figures used here for the "average"

scalloper represent costs for a "good" year.

B. Explanation of Entries in Table E-35, Scallop Harvesting Costs

Entry Number:

5,6,7 Based on 1976 Tariff Study, 1/2 of the cost being attributed to

scalloping. Accurate figures on the number of boats equipped withbradar
and loran}are not readily available. Based on discussions with lpbstermeﬁ,
the assumption was made that all beoats had radar and loran.
8 The presencé of life-saving equipment appears to be related to the
time of year the fishing actually occurs. Accurate data are not
available; it is assumed that all boats}have the equipment.

Estimates of average fishing days per year were obtained from
interviews with fishermen. Total landings per fisherman estimates
ranged from 9,000 to 15,000 pounds. If the average lobsterman lands
12,500 pounds per year, and the ex-vessel price is $2.10 per pound, total
revenue for each fisherman equals $26,150*. The resulting technicalr
coefficients are presented in Table E-36.
*This suggests.that, given the total pounds landed in 1977 (395,000),
there were only 32 full-time scallopers.  If we instead base -the
estimate on the average “gopd“-year, such as 1978, then there were 73
full-time scallopers. There are no estimates available of the number

of scallopers nor could any estimate be made of the percentage of total
landings represented by recorded landings.
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Table E-=35. Scallop Harvesting Costs

Item Description

Cost/$1 sales

1* 61
2% 43
3 61
4* 49
5% 56
6* 56
7% 56
8 32
9 49
10 49
11* 17
12 50
13 50 -
14 20
15 50
16 62
17 70
18 70
19 73
Maintenance
20 61
21 6l
22 69
23 69
24 69
25 6l

Hull and house $12,000 20 yr. lifespan
Main engine $7,000 10 yr. lifespan
Mast and boom $1,200 30 yr. lifespan
Pumps $100 5 yr. lifespan

Radar $3,500 6 yr. lifespan

Loran $3,500 6 yr. lifespan

Radio $100 2 yr. lifespan

Life saving equip, $100 5 yr. lifespan
Hydraulic gear $1000 10 yr., lifespan

. Other lifting gear $2000 15 yr. lifespan

Synthetic line $250 2 yr. lifespan
Triple drag $1000 per year
Cable (100 fathom) $220 2 yr. lifespan

-Dump box $100 5 yr. lifespan

Chain $100 4 yr. lifespan
Fuel $1800 per year.
Insurance $1000 per year
Interest $1000 per year
Office $200 per year

(parts)

Hull §$500

" Rigging $300

Engine $200
Radar $75
Radio $20
Other gear $50

*Half of cost charged to lobstering

.0114
.0133
.0015
.0003
.0111
.0111
.0006
.0007
.0038
0050
.0047
.0380
.0041
.0007
0002
.0685
.0380
.0380
.0076

.0190
.0114
.0076
.0028
.0007
.0019
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Table E-36. Scalloping Harvesting Table

U.S.

I-0 no. Industry ’ Technical Coefficient
17 Textile products ' .0047
20 Lumber, wood products . .0007
32 Rubber, misc. plastics . . .0007
43 Engines and turbines ©.0133
49 General machinery and equipment .0091
50 Machine shop products .0430
56 Radio, TV, etc., equipment .0228
61 Other transportation equipment- .0528
69 Wholesale and retail trade : .0720
70 'Finance, insurance o .0760
73 Business services .0076

.3027
Value added .6973

ITI. Explanations of Entries intc Table E-37, Lobster .Processing and

' Distribution Costs:

Our estimate is that 75 percent of recorded lobster land;ngs, or
14,250,000 pounds, go through the distribution chain. Of this amount,
some 1,050,000 pounds are processed. Approximately one pound of meat is
obtained from three pounds of live lobster; from the 1,050,000 pounds
of Maiﬁe lobster processed approximately 350,000 pounds of meat are
obtained. In addition, about 300,000.pounds (live weight) of lobster

meat processed in Maine in 1978 came from Canada.

Entry Number: (corresponding to Table E-37)
3 Holding capacity in the state of Maine is 4,200,000 pounds. Rental

cost is estimated to be $0.20 per pound for lobster going in, with a
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turn-over rate of 5-3 times a year. We assumed that distributors handle
300,000 pounds lobster/vear (actually there are about 110 dealers in
Maine and sometimes pound owners are also dealers). In our interviews
of industry members, the 300;000 pound size unit was the reference size
used by firms in providing estimates of operating costs. This would
suggest the presence of about 50 distributors (14,250,000 total pounds
dividedvby 300,000 pounds per distributor). If all dealers shared
pounding equally, then 4,200,000 pounds of holding capacity divided
among 50 dealers yields an estimate of 8,400 pounds for each dealer.
With rental costs of $0.20 cents per pound, our estimate of cost for
each time the pound is filled is $16,800. Again assuming turnover to
be 2 per year, the total cost for each dealer for pounding is $33,600.
4 Sait for bait costs $3.25 per 80 pounds salt. A lobster pound
handling 300,000 pounds of lobster annually uses 213,000 pounds of
salt.

8 Trucking costs, a highly variable item, were estimated by assuming
a capacity of 20,000 lbs/truck and base costs of $190 for a trip from
Stonington to Bangor. The 300,000 pounds output per dealer divided by
20,000 1lbs/truck indicates 15 trips. At $190/trip (average trip).total
trucking costs would be $2,850. The $2,850 was rounded to $3,000 for
our estimate.

13 Includes all taxes (payroll, social security, etc.). Estimated to

be .20 cents per dollar.
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Table E-37. Lobster Processing and Distribution Costs

U.s.

Item description

Cost/$1 sales

20

21

Processing meat

1*
2%
3+
4*

24

24
65
27
3
.24
46
65
70
73
70
79

79

70
69
73
68

69
. 69
23

32
48

Shipping crates $10 per crate replace 400
per year '

Lobster car $3,000 8 yr. lifespan

Pounds $33,600 per yvear

Salt for bait $8853 per year

Mortality

50 wooden pallets $3 3 yr. lifespan

Fork 1lift $4,500 15 yr., lifespan

_Trucking costs $3,000 yvr. lifespan

Interest $2500 per year

Legal fees $2000 per year

Insurance $1200 per year

Property tax $2000 per year

Payroll tax $4368 per year

Banking 200 per year :

Energy $400 per wk. $20,800 per year
Office $400 per wk. $20,800 per year
Town water $300 per vear

Salary 3 people total $21,840 per year

"Boat fuel diesel @ .55 per gallon 20,000 gal.:

$11,000 per year

Truck fuel 30,000 gal. per yvear @ .60 per
gal, $18,000/year -

Lobster purchases from lobstermen $551,019/yx
costs (.3)

Stanless steel table $275 30 year lifespan
Shipping containers plastic lbs. $700/yr.
Broiler $8,500 30 yr. lifespan

Picker $1.10 per pound $22,000/vr.

*Costs weighted by .3 to reflect number of processors.

. 0047

.0004
.0400
.0103
.0131
.00006
.0003
.0035
.0029
.0023
.0014
.0023
.0052

-.0002

.0247

.0247

.0003
.0260
.0130

.0214

.6560

.0002

.0001
.0078
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Costs of prepared meat: 300,000 pounds of prepared meat are
processed yearly. The processors interviewed produced about 20,000
pounds yearly. vawe'assume that this is the average for all then 15
processors (300,000/29,000 equals 15) produce prepared lobster meat.
This is 30% of the supposedly 50 dealers (those licensed) thus costs
were weighted by .3.

All other entries were based on 1978 estimates by interviewed
firms. Total revenue, based on 300,000 pounds of lobster at a wholesale
price of $2.80 per pound, is $840,000 per year. The technical
coefficients calculated for the lobster processing sector are presented

in Table E-38.

Table E-38. Lobster Distributor - Processor Table

u.s.
-I-0 no. Industry title Technical Coefficient

3 Lobster/Crab/Scallop harvesting .6691
24 Paper and allied products .0052
27 Chemicals, select. products .0103
32 Rubber, misc. plastics .0002
46 Material handling machinery .0003
48 Special machinery and equipment .0001
65 Transport and warehousing .0435
68 Elect., gas, water, sanitary services ©.0003
69 Wholesale and retail trade .0591
70 Finance and insurance .0045
73 Business services .0270
79 State, local government .0075
.8271

Value added .1729
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IV. Explanation of Entries into Table E-39, the Crab Processing Sector
All of the recorded landings of crab go to processing plants. Of
the 1978 léndinqs of 172,080 pounds, DMR reported that_lS0,000 pounds
were processed by 12 of the 42 cfab processing facilitigs. This is
12,500 per year for the 12 large processors. This is consistent with
estimates made by industry sources. Figures in this study pertain to

the "average" large processor.

Entry Number (corresponding to Table E-39)
3 About 1/2 the total amount of the average amount of crabmeat processed
is shipped in each size container. Thus 6,500 lbs x 7 cents = $445 and
6,500 lbs x 4 cents = %520,

9 Mortality claims 10% of the June—September catch. From 1,000 pounds
of live crabs, 131 pounds of meat can be obtained. If a plant processes
13;000 pounds crabmeat then 100,000 pounds of c¢crabs were handled. If it
is assumed that the same amount of crabs are caught each of the 7 months
of operation (not the actual case) then 14,286 lbs. of crab were

handled each month; 57,142 lbs. crab for the monﬁhs of June-September,
But this represents only 90% of the total amount of crabs purchased
.sincevwe have -assumed. a '10% mortality rate. . Adding on 10% of 57,142,

we obtaiﬁ 63,491 pounds of crab handled during the months of June-

September with mortality claiming 6,349 1bs. of this total, At .12

. cents per pound mortality losses equal $761.

10 - As explained in the previous statement from 13,000 lbs. crabmeat we
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get 100,000 pounds of crab; by adding in the 6,349 lbs. crabs claimed
by mortality we obtain 106,349 pounds of crab purchased. At a cost of
$0.12 per pound, this implies that $12,761 worth of crabs are purchased
per year.

1l Labor is paid at the rate of $1.10 per pound of meat picked. For
13,000 pounds, total costs equal $14,300.

19 It is assumed most cffice work is done by the owner or his wife.
Note: Shipping costs were not counted here. Some processors have
their own trucks but most appear to sell to a distributor. Restaurants
and other purchasers pick up their own orders., .DMR and industry sources
all felt that 90% of the Maine processed crabmeat was sold in.the state
of Maine.

Total revenue was figured for l3,000 pounds of meat per year,
3,000 pounds is body meat at a $3.50 wholesale price per pound in 1978,
The remaining 10,000 pounds is leg meat sold at a $5.00 wholesale
price a pouqd.

$3.50/1b. $10,500
$5.00/1b. $50,000
$60,500 total revenué

The resulting technical coefficients are presented in Table E-40.

1
A

- e



| es ' ..
. B . b

- N N A af S0 s am N9 S &

-l g e

Entry

Number I-0 no.

U.s.

532

Table E-39. Crab Processing Costs

Item Description

Cost/$1 sales

1
2
3

[V, B =

10
11
12
13
14
15
- 186
17
18
19
20
21

24
24
32

24
42
32

48
23

79
70
75
70
79
46
73
68
69

20 crab boxes @ §10 3 yr. lifespan
Lobster car $4,000 7 yr. lifespan
containers, plastic 1/2 1b. $.04
1 1b. §.07
40 1 1b. shipping box @ 1.00 per box
Picking knives )
Plastic (process) buckets 15 small $12
: 2 yr. lifespan
15 large $22
‘ . 2 yr. lifespan
Broiler $8,500 30 yr. lifespan

3 stainless steel tables §$275 30 yr. lifespan

Mortality 10%

Purchases from lobstermen $12,76lL per year
Pickers salary @ $1.10 per lb. $14.300/yr.
Seasonal help $8,000 per year

Payroll tax $1,600/yr. - .20 on the dollar
Interest $2,500 per year

Legal fees §$500 per year

Insurance $800 per year

Property tax $2000 year

Fork 1lift $4500 15 yr. lifespan (50% have)
Office $75 per week $2100 per year

Town water $300 per year '

Energy $100 per week $2800 per year

.0010

.0094

.0084

.0075

.0053
.00003
.0014

.0027

.0046
.0004
.0125
.2109
.2363
.1322
.0246
.0413
.0082
.0132
.0330
.0024
.0347
.0049
.0463
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Table E;40. Crab Processing Table

U.S.
I-0 no. Industry Technical Coefficient
3 Lobster/Crab .2234
23 Other furniture . . 0004
24 Paper and allied products .0157
32 Rubber, misc. plastics : .0200
42 Other fab. metal products .00003
46 Material handling machinery .0024
48 Special machinery and equipment . .0046
68 Electricity, gas, water, sanitary service . .0049
69 Wholesale, retail trade .0463
70 Finance and insurance : .0545
73 Business services .0429
79 State and local government .0576
.4727
Value added 5273

V. Scallop Distribution

In most cases the scallops' are shucked on the boat while the
fishermen are dragging. . Other than shipping the meat, there is little
additional handling by the distributor, Most scallop meat is removed
immediately and thus no freezer storage is required. Since the supply
of scallops is so erratic no dealer depends on them solely. Instead,
scallop meat‘ié treated as an added benefit. Usually, if a dealer has
scallops and Some additional room on a truck, then the ;callops are
shipped.

For these reasons, a separate scallop distributing sector is not
included. Since the operational costs of a dealer will be affected
little, if any, by handling scallops during a given year, any costs of

of handling scallops would be included in the lobster and crab data.
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APPENDIX VI

Data and Procedures used to Estimate Technical

Coefficients for the Clam/Worm Sector

by

Doug Williams

Graduate Student

Department of Agricultural
and Resource.Economics

University of Maine 'at Orono
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Data and Procedures used to Estimate Technical

Coefficients for the Clam/Worm Sector

I. Introduction

With the wholesale price of processed clam meat rising to $30 per
gallon, it is not surprising that the soft-shell clam industry is one
of the state's higher value fisheries. The commercial harvesting sector

is comprised of more than four thousand individual diggers, most of whom

use a multi-tined hand rake to turn over the mud flats of the inter-tidal

zone to uncover the valuable bivalves. Clam digging is a part-time
occupation for the majority of licensed diggers who tﬁrn po the flats
during the summer months when touritst demand for steamed clams is at
its seasonal peak. Maine diggers average 1.7 bushels per tide. A
bushel of clams can be sold retail as steamers (shell stock) for over
$50 or shucked and sold wholesale for up to $40 per gallon.

Once out of the tidal mud flats, clams are processed in many ways.
Two out of every threé are sold as shellstock to be used primarily for
steamed clams. The rest are shucked by hand in state-certified shucking
‘plants by local people (mostly women) working on a piece-work basis and
then sold in one gallon cans for fried clams.

The analysis of the dealer/processor sector conducted by Dunham,
et al. (1974) indicates that across a 52-firm sample, the mean value of
élam sales was‘$82,000 with a range of'$1 to $1 million. Of the firms

surveyed, 42% had clam sales of $10,000 or less. This indicates that a
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few large firms dealing in large volumes are major factors in the
processing sector. A study of the dealer/processor sector in Maine
will be conducted in the summer of 1980.

The problems shared by most common property resources are present
in the Maine clam industry. Biological problems with paralytic
shellfish poiscn, green crab infestation, pollution and deplgtion due to
6verfishing have coﬁbined in recent years to raise the valﬁe of the
resource through a kind of "abundant scarcify.“ Increased demand in the
New York and Boston markets, which have a great influence on the prices
of fishery products, has put pressure on the Maine resource which is
evident in the trend to more commercial digger licenses iﬁ recent years.
Though the péak was apparently reached in 1973 when almost 6,000 Maine
residents were licensed to dig clams, the number has remained over
4,000 every year since 1972. This coincides with the widéspread
destruction of southern New England clam beds inHurricane Edna in 1972.

fiManagement schemes have been used or discussed in an attempt fo
solve the major éroblem of ' finding a way to ensure an abundance of the
high demand, easily harvestable, renewable resource. Examples of
practices either used or Aiscussed include local digging ordinances,
size limits, transplanting of seed clams, and periodic bed closure.
At the present time, green crab'inféstations and-inteﬁsive harvesting
have severely aamaged recent-year-classes. -Conseguently, scientists at

DMR predict resource depletion as increases in demand attracts more
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diggers to the industry. This is offset, however, by the limited entry
policies of some fishing communities. Municipal ordinances frequently
restrict access to the clam flats.

Depuration of clams from polluted flats and the possibility of
agquaculture may offer slight relief from the pressures on the resourée
in the future. However, decreasing supply is probably‘most deserving
of the blame for the negative outlook for the industry foreseen by the
majority of the firms in the Dunham study (1974). Over 50% of all
dealers responding envisioned dedreasing opportunity for their firm to

grow.

-1I. Dealer/Processor Sector Data Base (all prices are for 1978)

o

A, The "Typical"™ Firm:

The problem of what can be considered the "average" dealer/processor

and the "average" size of such a firm is central to a discussion of the
marketing/distribution sector of the soft-shell clam industry. The
type of operation varies from a small shucking house, the owner of
which digs his/her own clams and sells them to large dealers, to
massive multi-divisional nationai firms owning other fish and shellfish
processing plants on the Maine coast.

The I-O table for clam processing is best described by figures for

a full-time year round "average" operation. Though many dealers are not

processors, and vice versa, for reasons of simplicity and time

limitations, the "average" soft-shell clam firm is described on the
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basis of dealer estimates through‘interviews. Such a firm is a
“"dealer/processor" organization under scle proprietorship which employs
two year-round people and one part-time individual, possesses both a
dip tank and skimmer, and handles clams for shell stock and for shucked
meat (DMR, sales reports of dealers, 1978). The firm utilizes one auto
or pick=-up truck on a full-time basis to transporf the product to
wholesale dealers (shucked clams) and retail markets (steamers). Such
a firm operates out of a small shucking plant, and, it is estimated,
handles approximately 1050 bushels of shell stock and 734 bushels of
clams to be shucked (24 gal. week - 8 gallons/day, 3 days/week) for a
total of 1784 bushels per year. " The estimate of the number of gallons
Per yvear is based on dealer estimates obtained from interviews. The
sheil stock estimate is based oﬁ the ratio of bushels of clams for
shell stock (70%) to bushels for shucked meat (30%) sold by certified
Maing shellfish dealers in 1978 (DMR). At 1978 prices, this.would
indicate a.total.revenue of $62,700~—$30/bu. for shell stock and
$25/gallqn for shuckeabclams. Purcﬂaées amount to $33,27l.60.or 53%

of the total revenue; and costs would average $23,000 or 37% of the total

sales revenue (Table E-41). Value added is nearly $20,000 or 10% of

the total revenue.

DMR estimates that well over 20% of Maine clam processors
incorporate at least one other type of seafood dealing or processing

operation into their business to enlarge their cperation and to
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supplement‘activities during the lean, winter months. Some of the large
plants, with parent companies outside Maine, switch to clams imported
from Canada or, in good years, from Maryland and other mid-Atlantic
states. When not shucking clams, smaller dealers may also process fresh
crab meat, sell muséels on order, run fish markets, or supply lobsters.
Most iarge:processors also handle other fish products (Dunham, et al.,

Pg. 39).

B. Processing Sector Estimate Sources:
1. all equiément and materials estimates are based on interview results
and averaged to the vélume indicated. Depreciation figures are based
on IRS allowable figures.

Equipment purchase prices used:

(a) Skimmer - $600

(b) Dip Tank - $1000 (assuming purchase of a new prefabricated

tank)

(c) - Stainless Steel Shelving - $150

(d) Stainless Steel Baskets - 4 at $10 each

(¢) One Vehicle - $5000

2. Vehicle fuel éstimate from interview:
100 miles/day, 5 days/week, 15,609 miles/year
$.80/gallon, 18 miles/gallon
In most cases,‘the average, small processor delivers products to

wholesale outlets (larger dealers) and to retail stores close to the
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operating base. Very few small dealers ship directly to out—of;state
markets sincé large wholesalers have a ready market for ali clam meats
at their subsidiary operations in Boston and New York. Increases in
fuel costs and, therefore, the cost of a common carrier, have made
shellfish wholesaling a viable business in Maine.

3', Labor cost is based on an average of $90/week per person. This low
value:results from the method by which the workers are paid. With
piece-work systeﬁs, the greater abundance (and value) of clams iﬁ the
summer months leads to an increase in wages over what cén be earned in
winter. Additionally, if they are paid a salary (approx. $150/week),
part of it must be attributed to the other aspects of the busineés such
as a fish mérket, créb processing or other sales.

4. Utility costs are estimates of mbnthly amounts which épuld be
charged to the business. Most dip tanks are heated by small oil burner
and by law, refrigeration‘capacity is required.. Therefore, oil and
electricity costs are higher than for a normal home. Since no dealer

could, or would, give precise figures, our figures are only estimates,

C. Purcﬁases by Dealer/Processor

The work of Dunham,vet'al.‘(1974),indiqates that amongibe 51 ciam
processors responding to‘their sufvey, 79% of the clams were-purchased
from the harvesting sector, 20% from other dealers and 1% from depuration

plants. -
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D. Conclusions

The estimates in the input-output table for the soft-shell clam
industry provide a basis for estimating the economic imbact of changes
in production levels. To obtain the clearest picture possible amid the
jumble of hugely varied independent operations, it was necessary to
utilize an "average" dealer/processor. It is not possible to determine
how many dealer/processors are closely represented by the “average" firm.

Our data are weakest in the area of energy costs, equipment
depreciation and product output. During the interviews no dealer could
precisely indicate the level of energy costs attributable to the clam

processing part of his business. Equipment depreciation is sensitive

to output levels and, more importantly, varies by firm and season. Output

levels vary tremendously from one day to the next due to fluctuations
in tides, weather, diggers, paralytic shellfish poison, the market for

clams and the availability of other species such as scallops.

I1I. Data Sources - Clam Processing and Distribution:
A. Interviews:
1. Six dealers - Hancock County
2. Two processors - Hancock County
3. Five Scientists -~ Maine Department of Marine Resources,
West Boothbay Harbor and Hallowell, Maine.
4, Mr. Dana Wallace, Director of Indusﬁry Services, DMR,

Hallowell.
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Note: Hancock County was the focus of the data gathering due to

the following considerations:

(a)  Dr. W.C. Dunham’s (et gl.) 1974 Analysis of the Dealer

Processor Sector of the Maine Soft-Shell Clam Industry,

published in April 1977, resulted in a large response
from dealers in Hancock County. See Table E-41.

(b} Budget and distance restrictions forced the majority of
data gathering to be centered within one hundered miles of
the University of Maine at Orono.

(c) Some 33% of the total volume of shucked clams obtained
from various locations in Maine.(43 firms, ﬁunham, et al.,
1974) were from Hancéck County.

Note: - Another 46% of the total was -obtained from Washington

Cpunty, immediétely east of Hancock County. The counties
west of Hancock providéd a combined total of 20%. Canada

provided 1%.

B. ' Literature:
- 1. Dunham, et al.
" 2. ‘Maine Department of Marine Resources:
a. Ahnual'summéry~0f Maine landings and valué
b. Commercial shellfish license lists.
c.' Commercial Interstate Shellfish Dealers lists

d. Resident Commercial Fishing characteristics
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e. Shellfish processing regulations
f. Maine Clam Production and Value - Table - 1887 to 1978
g. Depuration figures by area and month

h. Depuration in Maine, Phillip L. Goggins, 1964

i. Maine Clam, Robert Dow and Dana Wallace, 1957

j. Status of Soft-Shell Clam in Maine, Walter Welch,

March 1979.

3. The Soft Shell Clam Industry of Maine: 1Its Institutions of

Regulation and Management, Susan Dearborn, University of

Maine at Orono, Graduate School, August 1977.

4. Some Economic Aspects of Management: The Atlantic Coast Clam

Industries, Richard W. Smith, NE~91 Research Coordinator,
Northeast Regional Research Project, September 30, 1977;
unpublished manuscript, University of Maine at Orono.

5. Fishery Statistics of the United States, 1978

6. Input-Qutput Structure of the U.S. Economy: 1963 - Volume 2,

U.S. Dept. of Commerce.

Commercial Harvesting Sector Data Base
Equipment Figures:

Hods .

Boots and Gloves

Hoes

Costs based on combined estimates of listed data sources
(of Section 1 A of this appendix)
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B. Depreciation Figures:
Vehicles - $3500 value, 100 days fishing, 10 miles/day
Boats - $1200 value, 100 days fishing, 3 miles/day
Trailer - $600 value
Qutboard Motor - 25 horsepower, $1000 value
Based on typical Internal Revenue Service allowable
depreciation percentages and estimated longevity of
equipment. Mileage and days fishing estimates  are
from interview sources.
C. Fuei, Mileage and Repair Costs Estimates:
Vehicle - 1000 miles/yéar, 18 miles/gallon, $.80/gallon, -
$200/year maintenance.
Boat =~ 300 miles/year, 40‘miles/gallon, $.80/galion, $200/year

maintenance. Based on interview data source estimates and 1978

gasoline prices.

D. Output per Digger
Average full~time digger: 5 months/year, 100 days/yeér,
5 days/week, 100 primary tides plus 20 secénd tides (Wallace-DMR)
1.75 busheis/tide/digger.
(DMRV license. data)
210 bushels/year/digger at $18.65/bushel (DMR)

Total revenue .(average): $3916.50
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V. How to Read the I/0 Table for Clams:

The initial two columns of each table indicate the numbers and
classifications for industries supplying iﬂputs to either the
harvesting sector (Table E-42) or the processing sector (Table E-41) of
the Maine soft-shell clam industry.

For thh harvesting and processing the total cost per year for
each input is divided by the total revenue of that sector to arrive at
a percentagé of that revenue which the input item represents. The
column total of these percentages represents the proportion of total
revenue paid out to supplying industries.

The value added figure for the processor represents value over and
above the "landed value" paid to the harvester and other expenses paid
to other industries supplying inputs. Value added includes returns to
capital and labor.

In the harvesting sector, value added is the earnings over and

above total- cost incurred by the individual digger.

VI. Maine Marine Bait Worm Industry: Input/Out Table, 1978 Values
A. Introduction

Several interviews were conducted with diggers and proceésors in
order to determine the input/output‘structure of thg marine bait worm
industry in Maine. Budgetary and time restrictions prevented a more
complete sampling of industry representatives.

The interviews provided the data necessary to depict costs for an
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Table E-41l. Clam Processing Input Costs

U.s. Industry title
I~-0 no. {item) . Technical Coefficient
21 Wooden containers (vegetable boxes, .010¢%
bushel baskets) .0003
23 Other furniture (stainless steel shelf .0002
dep. 10%/yr.
32 Rubber miscellaneous plastics (plastic hose . 0004
and barrels) »
42 Other fabricated metal products (marine
" hardware)
Shovel .0002
Knives & bowls .0004
Steel baskets Dep. 10%/vyr. .0001
48 Special machinery and equipment
Skimmer .0010
Dip tank and boiler .0016 -
‘Dep. 10%/yr.
59 Moter vehicles and equipment .0199
(Dep. 25%/yr. 1l -vehicle)
68 Electricity, gas. water, sanitation service .0038
(electricity and water) :
69 Wholesale, retail trade
(heating oil, .0287
vehicle fuel) .0111
70 Finance, insurance J0159
(insurance)
73 Business services
(telephone .0115
legal and other office) .0080
75 Automobile repair service .0080
' (maintenance 1 vehicle)
79 State, local government ent.
(license, .0008
v . taxes) .0319
39 Metal containers ..0080
" (cans)
Clam harvesting . 5306
82 Value added . 3067
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Table E-42. Clam Harvesting Input Costs

U.S. Industry title
I-0 no. {item) Technical Coefficient
20 Lumber, wood products .0061
{2 hods)
32 Rubber, miscellaneous plastics .0071
(boots and gloves, 1 pr. each)
42 Other fabricated metal products .0038
(marine hardware) (clam hoe)
43 Engines and turbines .0638
{Dep. 25%/year outboard)
59 Motor wvehicles and equipment .1596
(Dep. 25%/year 1 vehicle)
61 Other Trans. equipment .0460
(Dep. 10%/year boat, trailer)
69 Wholesale, retail trade .0639
(boat maintenance, boat gasoline,
vehicle gasoline)
70 Finance, .insurance .0255
(insurance)
75 Auto. repair service .0511
(maintenance 1 year)
79 State, local government ent. ’ .0026
(license)
Value added .5705

"average" year-round harvester (worm diggef) and an "average" year-

round processor (worm wholesaler).

The data are in the form of costs

of each piece of equipment, type of material and kind of service

purchased by an "average" digger and processor for the purpose of

harvesting or processing worms in 1978.

There are two types of marine bait worms on the Maine coast,

bloodworms and sandworms. Bloodworms, while slightly shorter than

sandworms, are thicker and are considered a better bait. High prices

-

ol al



(e

\

-k A " ek @ .

- ww am

[
Y h

548

in recent years for bloodworms are seen by some to have contributed to

an overharvesting of the resource. Though bloodworms are still available,

there seem to be fewei'diggers digging bloodworms exclusively. This is
probably due to the number of sandworms available and the existence of
ready markets for either type of worm. The substitution of sands for
bloods is readily apparent in the landings figures for 1977 and 1978
presented in Table E-43.

From 197fvto 1978, landings for bloodworms decreased by 1.2 million
worms while the price increased by $1.20 per 100 worms. The relative
abundance of sandworms and l/2vmillion worm increase in landings during

the same period seem to indicate that sands are being substituted for

bloods.
Table E-43., Maine Bait Worms: Landings and Value

1977 and 1978 (Maine).

Bloodworms Sandworms
Landings* 1977 1978 1977 1978
(# of worms) 17,473,656 16,202,000 29,505,520 29,913,000
Price/100%**
(# of worms) $6.00 $7.20 $3.25 $3.60

* Source: -Maine Department of Marine Resources

**Source: Interview with a worm buyer

Worms are dug from flats at low tide using a multi-tined rake
similar to a clam hoe. The digger collects worms in plastic bucCkets or

wooden hods,; delivers.them to a buyer {(processor) and is paid on a price
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per hundred basis. The processor packages each type of worm separately
in cardboard boxes lined with seaweed for shipping to bait companies,
sporting goods déalers, marinas, and bait dealers primarily in the New
York-New Jersey area. In recent years, some dealers have made shipments
to overseas buyers as the demand in the New York area has decreased.
Some sources attributed the decrease in demand from the New York market
to substitutes and to a decrease in the stock of striped bass due to

pollution and overfishing.

B. Harvesting Sector:

In 1978, there wére 1155 licensed marine bait worm digéers in Maine.
The majority of these diggers do not rely fully upon worm harvesting
for income. Diggers switch easily to harvesting the soft-shell clam and
many other seasonal occupations. An interview with a worm buyer
indicated that although most diggers sell to a single buyer for many
years, they will switch buyers readily if they believe they are not
getting the highest possible price.

All figures for types and amounts of gear used were based on
estimates by those interviewed and include the stock components of the
worm harvesters. Depreciation figures were based on IRS allowable
figures.

Our estimates are that 45% of all diggers use a boat and motor to
travel to the flats. In addition, 10 percent of all diggers continue

to use digging lights, although their use is decreasing. These
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percentages were used to weight costs for those items in Table E-44.
Total worm lanaings in Maine were over 46 million worms in 1978
with a ratio of 1 bloodworm to 1.85 sandworms. This suggests an average
output per aigger‘of over 39,000 worms. Interview data indicated the
followihg characteristics of the averge year round diggeri 150 tides
dug per year, 3 tides per week, 225 miles driven per week to reach the

flats.,

C. Processing:
In 1978 there were twenty full-time and one part-time shipper of
worms. There were thirty-nine worm dealers licensed in Maine (DMR) in

1978. All of the shippers were also licensed as dealers. The costs

- incurred by shippers were included in the I-O table since this is the

only real processing that takes place in the worm industry. No one
dealt exclusively in bait worms unless he shippéd to out of state
buyers.,

The intefviews provided an estimate for the average output by a
full-time shipper of 4,000,000 worms per year with a 1.85 sandwérm to
1 bloodworm ratio. Costs are based upon expense figures as a percent
of output fér the shippers interviewed. Expenses were computed to be
roughly 18% of total sales not including purchases of worms. Labor was
treated as a value addgd to the reasource.

Revenues were based upon'wholesale'price of $5.50/100 sandworms and
$9/100 bloodworms. The resulting technical coefficients are presented

in Table E-45.
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Table E-44.
Uu.S. Industry title
I-0 no. (item)
20 Lumber, wood products
(hods)
32 Rubber, miscellaneous plastics
(buckets, boots, gloves)
42 Other metal products
{(worm hoes, digging lights)
43 Engines, turbines
(depreciation: 1 outboard)
55 Electric lighting equipment
(batteries)
59 Motor vehicles
(depreciation, 1 vehicle)
61 Other trans. eguipment
{depreciatiou boat, trailer)
69 Wholesale and retail
(gas, boat and motor maintenance)
75 Auto repair services $300.00
(maintenance, one vehicle)
79 State and local government

(license)

Value added

Marine Bait Worms Harvesting Sector Input Costs, 1978

Technical Coefficient

.0128

.0332

.0382

.0121

.0017

.1337

.Q0362

3174

.1070

.0053

.3024

-
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Table E-45.
u.s. Industry title
I-0 no. (item)
25 Paperboard containers
(materials and supplies)
51 Office machines
(office equipment)
59 Motor vehicles, equipment
(vehicle depreciation)
65 Transportation and warehousing
(transportation)
68 Electric, gas sexvice
(electricity, water, heating)
69 Wholesale and retail trade
70 Finance, insurance
: (interest, insurance)
71 Real estate, rental’
‘(rental)
73 Business services
(telephone, etc.)
e State and local  government

(property taxes, payroll taxes)

Worm harvesting

- Value added

Marine Bait Worms Processing Sector Input Costs, 1978

Technical Coefficient

0290
.0037
.0086
.0070
.0022

.0028

.0128
.0019
.0135
-0144

. 7230

.1811
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Appendix VII

The Economic Value of Soft-Shelled Clam
(Mya arenaria). Production in Maine with
Generated Consumption Valﬁes for 1979.

(Using: A Multiplier for Computing the

Value of Shellfish; E.F.M. Wong, 1969).

Douglas R. Williams

Research Assistant

Department of Agricultural
and Resource Economics

University of Maine

QOrono, Maine 04469
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The objective of Edward F.M. Wong's study: A Multiplier for

Computing the Value of Shellfish, (U.S. Department of the Interior,

:

Federal Water Pollution Control Administration, New England Basins
Office, Needham Heights, MA., October, 1969) was to formulate a simple
method for determining the economic value of a local area's commercial
shellfish production or of its potential resource. The study formulae
can be applied to data for production from a single community or, as it
has been used here, to delineate the value of commercial shellfish
production in the entire State of Maine.

In order to demonstrate eccnomic benefits of thevproper utilization
of a resource like the soft-shelled clam (Mya arenaria) of Maine, a series

of values were established by Wong to denote the worth of shellfish

. during the entire commercial process. The Landed Value (LV) is the

price paid directly to the fisherman. This is only a portion of: the

total value accruing to’an area. Gain credited to the value of the

- shellfish beyond the Landed Value, between the wholesaler and the

consumer/retailer, is considered the Value Added (VA). Values added to

"the shellfish from gains in the local area (in this case the State of

-Maine) are the State Value Added (8va) . Gains accruing to the shellfish

from sales cutside of Maine are the Non-State Value Added (NSVA). The

State Value (SV) is, therefore, the sum of the total paid to the diggers
and the value added in Maine. The Total Value (TV) is the sum of the

State Value and all other values accruing outside the state. This is a
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potentially generated economic value of shellfish production in Maine.

Another factor necessary for the computations is the Shellfish
Multiplier (SM), for an explanation and derivation please see page four
of Wong's study.

The tables used to arrive at all of the values necessary for this
examination contain four basic sets of criteria (Wong) showing how
shellfish are sold, distributed, treated, moved oxr usea by the shippers
and final consumers.

(Tables E-46 and E-47). These four groups are:

Median Number of Clams per WholeSal€..eceeseeesss. = Value Nw
| (Table E-46)

Wholesale Price per WhOleSalCesesesscsossscaseses = Value Pw
(Table E-46)

Median Number of Shellfish per Consumer Unit.es.. = Value N,
(Table E-47)

Consumer Price per COonsumey Unitcececscecscsscsscse = Value Pr
(Table E-47)

Table E~46 shows how soft-shell clams, as packed by weight or
volume, are distributed at the wholesale level and their cost at that
level. This cost reflects the prices of individual diggers.

Table E-47 shows the distribution and final cost of clams in
consumer units expressed by the ways in which tﬁey are sold at the

retail level. For the purposes of a state-wide study, processed

s an e
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(shucked) clam meats have been included as a retail item in out-of-state

sales and as fried clams in in-state sales.

Table E-46

A. Number and Value of Soft-Shell Clams by Bulk Unit at the Wholesale

Levell
Median No. of 1979
: Pounds Clams per Wholesale
Condition Average Size Wholesale per Wholesale - Price/Unit
of Clam of Clams Unit - Unit Unit (Value Nw) " (Value Pw)2
In Shell 2 inches . bushel 60 . 2024 $24.00

B. Soft-Shell Clams (Maine)

1 bu. = 15 1lbs. of shucked meats depending upon season, service and
trim at 8 lbs./gal.

1 bu. = 1.875 gals. of shucked meats.
1 gal. has a 1979 price per unit -value of $25,2

Landings (first six months of 1979): 159,333 1/3 bu.

1a11 values for pounds per unit, median number per unit and wholesale
price depend upon the season and source (DMR).

2price per unit data are an annual average for 1979 (DMR).

NOTE: Wholesale price is price paid to digger.
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Table E-47

Number and Value of Shellfish by Units at Retail Level

Median No. 1979

Market Average Size Consumer Clams/Unit2 Consumer Prices/Unit3
Condition of Clams Unit! {(Value Nr) (Value Pr)
Fried 2 inches pint 26 $ 5.30%*
Steamed 2 inches pint 34 3.50

in shell
Shellstock 2 inches pound 34 : .70
Shucked 1 3/4 inches gallon 1079.5 25.00%%*

Meat

lone pint = One pound for purposes of this examination.

2Numbers sources:

Fried clams -~ mean value observed in restaurants Sept. 1979 across

Maine

Steamexrs, shellstock & shucked meats - from DMR figure of 2024
clams in shell per bushel (See Table E-46-B).

3prices per unit are estimations made from spot checks in restaurants

and shucking houses throughout Maine. Prices will vary due to location,
season and type of establishment. These prices are minus side dishes

and complete dinner extras.

**For the purposes of this study, shucked meat is considered a retail

product sold by shucking houses to buyers from outside of Maine. Fried

clams in Maine are assumed to be 100% of shucked meat sold in Maine.
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Percentages of total landings indicating how clams were used were
established from dealer reports collected by the Maine Department of

Marine Resources for 1979.

Table E-48

Ways in Which Soft-Shell Clams .from Maine were Sold in 1979,

Market Where Percent: of
Condition Sold Total Landings
Fried Clams! In State 18
Shellstock? In State ' 19.6
Steamer Clams ' In State 8.4
Shellstock Out of State 39
Shucked Meats Out of State 15

100

Source: Maine Department of Marine Resources

1a11 clams sold as shucked meats in Maine were assumed to be used for
fried clams.

2ghellstock sold in Maine were assumed to be distributed as follows:
a) 30% wholesale to restaurants (sold as steamed clams) *8.4% of
total landings)
b) 70% retail to indiwviduals, groups, institutions, etc. (19.6%
of total landings). '
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Summary of Study Results: 1979

] of clams sold in Maine as Fried Clams (f)

cof clams sold in Maine as Steamers (st)

:0of clams sold in Maine as Shellstock ({(ss)
¢ of clams sold outside Maine as Shellstock (ss) =
¢ of clams sold outside Maine as Shucked Meats (m)
nded Value (LV) of clam production in Maine

00% of clams dug)

Ag of clams sold in Maine as Fried Clams

8% of all clams)

Ast of clams sold in Maine by restaurants as
ecamexrs (8,4% of all clams)

Agg of clams sold in Maine at retail as
ellstock (19.6% of all clams)

va of clams sold outside Maine as Shellstock
9% of all clams)

VA of clams sold cutside Maine as Shucked Meats
5% of all clams)

tate Value (SV)‘of clams sold in Maine

16% of all clams)

5tal Value (TV) of clam production in Maine and
:nerated values (1979 gross)

7 of clam production in Maine (1979 Net=Gross-5%

3SS)

10.1

9.6

1.9

I
N
.
=

=$ 7,525,500

= $12,326,769
=$ 5,436,421.20
= $ 1,327,498.20
= $ 2,641,450.50
= $ 1,241,707.50
= $26,616,188.40
=$30,499, 346.40

=$28,874,379.10
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Appendix ‘A: Derivation of Summary Values

I. From Tables 1 and 2:
Value P, soft-shelled clams (Marine Resources) 1 bu. = $21,75
Value Pr friéd clams, per serving 1l pt., = 5.30
Value Pr steamed clams, per serving 1 pt. = 3.50
Value P, shellstock, per unit 1 1b. = 0.70
Value Pr shucked mea;s, per unit 1 gal = 25.
Value N, soft~shelled clams (Marine Resources) 1 bu. = 2024
Value erfried clams, per serving 1l pt. = 26
Value N; steamer clams, per serving . 1l pt. = 34
Value Nr shellstock, per unit 1l 1b. = 34
Value N_ shucked meat, per unit ; 1 gal = 1079.5

Shellfish Multiplier (SM) =

II.

No, in wholesale
No. in retail unit
Price of wholesale

X Price of retail unit

SM
fried clams = 10,1

M =
steamers = 9.6

SMshellstock = 1,9

SMmeat_ = 2,1
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III. Computing Values for LV, SVA, NSVA, SV and TV

a. State Landed Value (LVS) = (Number of Shellfish Units)
(Wholesale price per unit)

In values for 1979 this computes to:
LVS = (346,000 bu.) ($21.75/bu.) = §$7,525,500.
This is EQuation 1, Appendix A of Wong.
b. State Value Added (S5VA) & Non-State Value Added (NSVA)

SVA

LV, (Summation of various retail use) (multiplier -1)

SVA = LV_ (% consumed in a given manner) (SM-1)

SVA = $7,525,500 (18%) (10.1-1) = $12,326,769
fried clams
SVA = $7,525,500 {8.4%) (9.6-1) = $ 5,436,421
steamers
Sva = $7,525,500 (19.6%) (1.9-1)= $ 1,327,498
shellstock
NSVA = $7,525,500 (39%) (l.9~1) = § 2,640,450
shellstock
NSVA = $7,525,500 (19%) (2.1-1) = $ 1,241,707
meats

c. State Value (SV)

SV = Landed Value. .+ State Values Added for Fried Clams + Steamer
Clams

SV = LVs + SVAf + SVAst

sV = $7,525,500 + 42,326,769 + $5,436,421 + $1,327,498

SV = $26,616,188

This is the generated state value for all clams dug in Maine and

sold in the State as fried clams, steamers and shellstock.
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d. Total Value (TV)

TV = State Value + Non-=State Values Added for shellstock and
shucked meatse.
™ = SV + NSVA + NSVA
_ ss m
™V = $26,616,188 + $2,641,450 + $1,241,707
TV = $30,499, 346

Total Value of clam production for-l9i9 including generated values
within and outside of Maine.

e. Industry members indicate that loss due to breakage and spoilage
amounts to approximately five percent of the total number.of clams
handied. This can be deducted from the TV figure:

(TV) (5%) = $1,524,967

TV 1979 (adjusted for loss) = TV-TV, = 28,974,379
SS
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